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The latest UNICAM SP.500 
now with new cell housing 


Added convenience in 
selection of 
secondary optics 


The Unicam SP.500 Ultraviolet and Visible 
Spectrophotometer now offers even more 
built-in operator appeal. Current models 
have the Universal Cell Housing fitted as 
standard equipment, accepting all these 
sample handling accessories without dis- 
mantling or modification : 

SP.576 Standard cell basket 

(delivered with the SP.s500). 

SP.575 Microcell holder. 

SP.545 10 cm. cylindrical cell holder. 

Three widely used sample handling tech- 
niques can now be used in the same cell 
housing by merely interchanging the cell 
holders listed above. 
Two concentric circular discs are mounted 
inside the cell housing so that secondary optics 
can be introduced into the light beam. One 
disc contains an additional lens for use with 
microcells and has apertures for special filters ; 
the other disc contains three auxiliary slits for 
closer definition of the light beam. 


SP.500 fitted with new cell housing 


Spacious interior of new cell housing 
The Unicam SP.s00 Spectrophotometer has been well 
proven in service under the most arduous operational and 
climatic conditions throughout the world. Its serviceability 
and performance are a standard wherever the highest 
requirements of accuracy and reliability are needed. 

The new cell housing will increase the versatility and 
add still further to the operator convenience of the 
instrument. 

The new Unicam SP.500, now available for early 
delivery, can be supplied for operation either from batteries 
or from the new Labgear 115 D transistor stabilized mains 


supply unit. 


UNICAM 


SPECTROPHOTOMETERS 


UNICAM INSTRUMENTS LIMITED, YORK STREET, CAMBRIDGE, ENGLAND 
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Please send for the latest literature concerning your special 
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ULTRA-VICLET ABSORPTION CELLS INFRA-RED ABSORPTION CELLS a 
VARIABLE path-length cells for liquids VARIABLE path-length cells for liquids 0 
FIXED path-length cells for liquids FIXED path-length demountable and 8 
sealed cells for liquids a 

KBR EVACUABLE DIE MICROCELLS for liquids a 
for making 13, 15 and 16 mm. Discs GAS cells in pyrex and metal fe 
h 

HYDRAULIC 30-TON PRESS HIGH-SPEED VIBRATION MILL p 
especially designed for KBr Disc indispensable for KBr 6 
Technique Disc Technique ti 
Rotating Electrode available for 230 volt 50-cycle : 
Eneitatinn yo and 110-volt 60-cycle mains 
b 

ROCK-SALT POLISHING KIT al 


RIIC Sampling Instruments are marketed by the leading spectrometer 
manufacturers of the world. Descriptive literature on application. 


RESEARCH & INDUSTRIAL INSTRUMENTS CO. 
116 Lordship Lane, London, S.E.22 Telephone: Forest Hill 2281/2 
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POLITICS AND EDUCATION IN GHANA 


ECENTLY, three Cabinet Ministers of Ghana— 

Mr. Adamafio, Minister of Information and 
Broadcasting; Mr. Duwuona-Hammond, Minister of 
Education; end Mr. Boateng, Minister of the Interior 
—have issued warnings to the students of Ghana’s 
two Universities concerning their “arrogance and 
anti-State activities” which, so the Ministers declare, 
have been inherited “from a colonial past”. We 
believe that anyone, student or otherwise, who 
indulges in serious anti-State activities should 
be warned and, if necessary, punished; but there 
is all the difference between anti-State activity 
and open opposition to the political policy of 
those in power—at any rate in a democracy. More- 
over, to accuse the students, or anyone else, of 
arrogance strikes one as being somewhat naive— 
even childish. 

Recently, Osagyefo Dr. Kwame Nkrumah, Presi- 
dent of the State of Ghana, was installed as Chancellor 
of the University of Ghana, near Accra, and on 
November 29 he was also installed as Chancellor of 
the Kwame Nkrumah University of Science and 
Technology at Kumasi. We understand there was an 
obvious lack of enthusiasm among the students 
during both these ceremonies, which angered the 
President. Though one cannot conceive of such 
resentment being demonstrated in such countries as 
the United States or Great Britain, the President’s 
annoyance can be readily understood, though to 
appoint one and the same man as Chancellor of the 
only two Universities in a country is unique and 
risky, and in this case the objective seems very 
clear; it bodes ill for any semblance of autonomy in 
either University. 

Wearing of academic gowns has been banned, and 
apparently stern measures, including the dismissal 
of some lecturers known to be “instilling in their 
students an attitude of disrespect for the President”’, 
are to be taken. The first policy strikes one as being 
absurd, and seems to be aimed against any attempt to 
follow the custom of many universities in the more 
highly developed countries. The second decision is 
more serious. Students are notoriously interested in 
politics, and are surely old enough to think for them- 
seives, which is the very basis of a university educa- 
tion. It is a student’s responsibility to think; but 
if as a result of such thinking he threatens to be a 
bad citizen, then he should be dealt with accordingly 
by his immediate superiors, that is, the university 
authorities and not those outside the university who 
enjoy political power. 

All three Ministers have threatened that any 
students who “misbehave would be thrown out’. 
This warning, too, should come from the university 
authorities and not from the State. This appears to be 
an intolerable position for any university, for it seems 
that those responsible for the running and develop- 
ment of the university are to be deprived of an impor- 
tant part of their academic responsibility. it should 


be they, and only they, who should take to task their 
students for breaches of university discipline (includ- 
ing, if necessary, expulsion) and not any outsider, not 
even a Minister of State. 

The Minister of Information and Broadcasting in 
Ghana has announced that from now on the Council 
of the University of Science and Technology will be 
directed by the Government in the running of that 
institution so that the Government “might turn out 
men and women who have unflinching loyalty to the 
office and person of President Nkrumah’’. If this is 
to be taken literally, it savours too much of undesir- 
able dictatorship. This alarming statement implies 
at least three conditions: (1) appointments to the 
staff must meet with the approval of the Government 
in power; (2) entry of students to that University 
will be conditional on (among other things) political 
grounds; (3) the University staff and their authority 
and the students will be subject to the whims and 
fancies of the Government. 

There can be no autonomy in such an institution, 
no freedom of thought, expression and action, no 
development of democratic ideals. In fact, if the 
threats and warnings made by certain Ministers of 
State in Ghana are carried out, the University of 
Ghana, and certainly the University of Science and 
Technology, will not be universities at all. 

On December 4, Mr. Duwuona-Hammond, the 
Minister of Education, addressed three hundred 
Ghana school teachers and told them that they must 
show loyalty to ‘“‘the ideals of the State and of its 
chief architect, President Nkrumah”. He proceeded 
to say: ‘“‘Nobody resents fair comment, but sys- 
tematic, spiteful and irresponsible criticism calculated 
to undermine the Government cannot be accepted as 
sincere teaching’. The second statement would be 
acceptable to all educationists; but it will be 
understandable, in view of the first statement, if 
they suspect why it was made. 

Ghana is an emergent country. It has fairly and 
justifiably won its independence. But it has yet much 
to learn, and during the past few decades the Univer- 
sity of Ghana has been learning and developing with 
the help of academic men and women from the world’s 
older universities—especially those of Great Britain. 
In Britain, the universities are proud of their 
autonomy and guard it with justifiable jealousy, 
though, in spite of the fact that they are increasingly 
dependent on State funds, they suffer no threat of 
State interference in the way they are conducted 
and the manner in which they train their students. 
Moreover, much to their credit, successive Govern- 
ments have shown no tendency to influence the 
universities so far as policy is concerned. In fact, 
university students are encouraged to think for 
themselves, and, within reason, are entitled to their 
own political views and to express their opinions of 
Government and others in political power. Ghana 
would be wise to take note of this. 
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ELECTRON MICROSCOPY 


Proceedings of the European Regional Conference 
on Electron Microscopy 

Delft, 1960. Edited by A. L. Houwink and B. J. 

Spit. Vol. 1: Pp. i-xvi+ 1-608. Vol. 2: Pp. xvii- 

xxvii + 609-1075. (Delft: Nederlandse Vereniging 

voor Electronenmicroscopie, 1961.) 135 florins the 

two volumes. 


T is very appropriate that the 1960 Regional 
Conference on Electron Microscopy should have 
been held at Delft, as was the first Conference in 1949. 
Delft is in a very real sense the birthplace of micro- 
scopy, and it is a fitting tribute to Antony von 
Leeuwenhoek, possibly the most acute of all micro- 
scopists, and a happy gesture that the covers of these 
two volumes should be impressed with an image of 
one of his microscopes. The twelve years which have 
elapsed since the first Conference have witnessed 
spectacular advances in this newer form of micro- 
scopy, both in technique and in the number of workers 
using the instrument. It could scarcely have been 
imagined, for example, that stemming from the first 
ultra-thin section demonstreted at Delft by 
Brettschneider in 1949, the use of sectioning for 
electron microscopy would by 1960 have become so 
routine a matter as to be in regular use in a multitude 
of electron microscope laboratories. Indeed, what 
impresses the reader of these volumes the most is both 
the range of materials which can be examined by this 
means and the extremely rapid, even explosive, burst 
of interest developed during these few years. 

The books comprise reports of 246 articles presented 
at the Conference, copiously illustrated by electron 
micrographs. They are not therefore intended to be 
read, in the sense that text-books are read, but rather 
to be used as works of reference. The first volume, 
containing 138 articles, deals in the main with 
instrumentation, including an article on specimen 
techniques, with crystal physics and with metallurgi- 
cal and other industrial applications. The second, of 
108 articles, is devoted exclusively to biology. The 
leading aréicle in Volume 1 deals with electron optics, 
leading naturally to a discussion of developments both 
in electron microscopes and in methods of use. The 
articles on solid-state physics (including crystal 
growth and lattice defects) are perhaps especially 
notable. In Volume 2 the cytology of muscle, skin, 
bone, sense organs, spermatozoids, and viruses all 
receive due attention. It is somewhat disappointing 
to see that while animal cytology is represented by a 
hundred articles, plant cytology accounts for only 
eight. 

_ two books together cover much of the field 
as explored in 1960. Even a cursory glance through 
the list of contents, however, reveals the absence of 
some names already famous in the field of electron 
microscopy and some lines of research, both well 
established and developing, which are not represented. 
This is clearly a fault neither of the organizers of the 
Conference nor of the editors, and explanation is 
surely to be sought on other and more fundamental 
lines. One contributory factor is that conferences on 
electron microscopy by their very nature meet only 
part of the needs of electron microscopists. Few 
workers are specifically interested in the instrument 
itself or even in their own electron micrographs alone. 
Rather are they interested in the results of electron 
microscopy as illuminating their own chosen fields 
and as contributing to the solution of problems often 
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already stated before the advent of this new tech. 
nique and of interest also to non-microscopists, 
They therefore both receive and confer more benefit 
by discussions in conferences arranged by their ow, 
professional bodies, before audiences acquainted with 
and sympathetic to their problems, than by reports 
to those with whom the only interest in common jg 
the instrument itself. While it is clearly satisfactory 
to electron microscopists that they should form 
societies, and hold symposia which attract 
numbers of articles, and while it is clearly desirable 
that electron microscopists should meet from time 
to time, it is not self-evident that the best interests 
of the separate sciences are achieved in this 
way. 

The books are beautifully produced on excellent 
paper and the illustrations could in most cases 
scarcely have been better. Bibliographies are attached 
to each article, and each volume carries a complete 
author index. Both the publishers and the editors 
are to be complimented on this work. It is notable, 
moreover, that in these days of publication delays, 
the books have appeared in less than one year from 
the date of the Conference; it is not easy to see how 
this hereulean task has been performed and the 
editors are to be highly commended on it. 

Anyone who wishes to acquaint himself with the 
situation in electron microscopy up to 1960 could do 
no better than to read these two volumes. 

R. D. Preston 


FLORA OF THE ZAMBEZI BASIN 


Flora Zambesiaca 

Mozambique ; Federation of Rhodesia and Nyasaland; 
Bechuanaland Protectorate, Vol. 1, Part 2. Edited by 
A. W. Exell and H. Wild. Pp. vi+ 337-581. (London: 
Crown Agents for Oversea Governments and Adminis. 
trations, 1961. Published on behalf of the Govern- 
ments of Portugal, The Federation of Rhodesia and 
Nyasaland, and the United Kingdom.) 25s. 


HE second part of the first volume of Flora 

Zambesiaca has made its welcome appearance. 
The part completes Volume 1, for which an index and 
title-page are provided. It covers the flowering plants 
from family 21, Caryophyllaceae to family 30, 
Sterculiaceae arranged in the Bentham and Hooker 
sequence. The joint editors are Mr. A. W. Exell of 
the British Museum (Natural History) and Dr. H. 
Wild of the Federal Herbarium, Salisbury, Southern 
Rhodesia. This part, as in the case of the first part, 
is an excellent example of botanical co-operation, for 
it contains contributions by botanists working at the 
British Museum (Natural History), the Federal 
Herbarium, Salisbury, Southern Rhodesia, the Botan- 
ical Laboratory of the Free University, Brussels, the 
National Herbarium, Pretoria, and the Royal Botanic 
Gardens, Kew, while the Portuguese Government is 
represented both on the Managing Committee and 
the editorial board of this Flora. The Flora covers 
the Federation of Rhodesia and Nyasaland, Mozam- 
bique and Bechuanaland Protectorate. The part 
under review contains accounts of 10 families, consist- 
ing of 55 genera and 265 species. The largest family 
the Malvaceae with 16 genera and 111 species in the 
area, while the smallest is the Theaceae with one 
monotypic genus, Ficalhoa, alone. The plants included 
range from small annual herbs with inconspicuow 
flowers such as Bergia (in the Elatinaceae) to large 
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forest trees, 30 m. high, such as Sterculia subviolacea 

fin the Sterculiaceae), and the massive baobab, 

known scientifically as Adansonia digitata (in the 

Bombacaceae), so familiar to travellers in the drier 
of eastern and southern Africa. 

‘he diagnostic keys, provided to distinguish the 
genera, species and in some cases the varieties, show 
signs of having been carefully prepared, and should 
be of great assistance to the user. The 46 plates, 
drawn by eight different artists, are of a high standard 
and add greatly to the helpfulness of the book, while 
the coloured frontispiece, depicting Hibiscus rhodan- 
thus, is a pleasing addition. 

The treatments adopted are in some cases interest- 
ing. The Hypericaceae merged with the tropical 
family Guttiferae will surprise botanists familiar with 
the temperate genus Hypericum alone. The placing 
of Ficalhoa in the Theaceae is now rather widely 
supported, as one has long felt unhappy about its 
being in the Ericaceae. The acceptance of the 
Illecebraceae as a family distinct from Caryophyl- 
laceae shows how much the personal opinions of 
botanists enter into taxonomic decisions. Only 
recently, in another African regional Flora, these two 
families were treated as one. 

At the generic level, Hibiscus esculentus, the young 
fruits of which are the well-known tropical vegetable 
okra, is placed in the genus Abelmoschus, while the 
tree widely spread throughout the area and hitherto 
known as Thespesia garckeana finds itself in the 
unfamiliar genus Azanza. 

When one comes to species, one finds that a more 
conservative view has been taken, and a number of 
familiar names appear in synonymy. This tendency 
to accept a broader view of a species is very welcome 
and can at least partly be attributed to the taxonom- 
ists knowing the plants in the field and learning at 
first hand how greatly climatic, seasonal and edaphic 
conditions can modify them. It will undoubtedly 
make the Flora easier for the public to use. 

The production is excellent, and the authors 
and editors are to be congratulated on the high 
standard of this much-needed work. 

E. MitnE-REDHEAD 


A BOTANICAL PANOPTICON 


A New Illustrated British Flora 

By Dr. Roger W. Butcher. Part 1: Lycopodiaceae 
to Salicaceae. Pp. viii+1016. (London: Leonard 
Hill (Books), Ltd., 1961.) 848. net. 


HERE was a time when every aspiring student of 

British plants first groped his way through 
“Bentham and Hooker” and then, with growing 
confidence, broached the more esoteric contents of 
“Butcher and Strudwick’’. The fact that it was 
generally considered unn to mention the 
precise titles of either work was proof not only of the 
general popularity of the Handbook of the British 
Flora and Further Illustrations of British Plants, but 
aiso of the almost legendary fame of their respective 
authors. Dr. Butcher showed keen psychological 
insight in naming his book Further Illustrations, for, 
to be quite honest, most beginners and amateurs 
valued pictures more highly than text, and many 
professional botanists, now ageing and erudite, 
would, under pressure, confess that it was the genius 
of Walter Fitch and the urbane lucidity of Florence 
Strudwick, rather than the arid exactitudes of botani- 
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cal prose, that guided their first steps along the rocky 
road of taxonomy. 

Is the same true nowadays ? Do young naturalists 
still turn to Fitch and Strudwick for assistance? Or 
has modern youth inherited such bumps of scientific 
understanding that it can imbibe Clapham, Tutin 
and Warburg as mother’s milk and advance to 
erudition via chromosomes and histograms? I do not 


. think so—nor evidently does Dr. Butcher—for his 


New Illustrated British Flora differs in no material 
respect from his earlier book on British plants. It is 
Further Illustrations expanded to include the entire 
range of native British phanerogams and vascular 
cryptogams, as well as many of the more widely 
established colonists, denizens and aliens. Almost 
the only concession to the ‘new look’ in British botany 
is the departure from the Bentham and Hooker 
sequence of families in favour of the Clapham, Tutin 
and Warburg scheme, and even here Dr. Butcher 
accepts the latest of phylogenetic vagaries with such 
ill-econcealed reluctance that one wonders what 
irresistible forces compelled him to take this 
course. 

The sad fact that Florence Strudwick did not live 
to prepare the illustrations for this new work has 
resulted in a loss of uniformity in the style and quality 
of the illustrations, though it should be added that at 
least two of the ten artists employed have attained 
Miss Strudwick’s immaculate clarity and firmness of 
line, and that, on the whole, the 885 drawings in this 
first volume sre perfectly satisfactory. The same, 
alas, cannot be said for the reproduction, perhaps in 
the case of those drawings transferred from Further 
Illustrations because the blocks have deteriorated 
with age, but less easily explained in other cases. Too 
many of the illustrations, at least in the review copy, 
are unduly black and murky, while a few are pallid to 
the point of anemia. Something has surely gone 
wrong with Equisetum hyemale (Fig. 10) which, to 
judge from the scale, appears to be more slender than 
E. trachyodon (Fig. 11)—or should the illustrations be 
interchanged? The flowers of Barbarea vulgaris (Fig. 
209) also appear considerably larger than those 
of B. verna (Fig. 212), which is neither in 
accordance with the facts nor with the accompanying 
legends. 

Such minor slips and blemishes are, however, 
virtually inevitable in a detailed work of this magni- 
tude. It is more general matters, such as the author’s 
choice of subjects for inclusion in the volume, that are 
likely to intrigue the critics. Of course one recognizes 
the futility of wasting space on every fleeting casual 
and rubbish-tip waif that postures as a British plant, 
but it is difficult to follow the logic which admits 
Hypericum canadense and excludes Cerastium brachy- 
petalum, which allows Viola kitaibeliana and disallows 
Ranunculus muricatus; and when one comes to 
scrutinize the so-called ‘critical groups’, even the 
most sanguine must begin to despair. Are there 
really ten species of Thalictrum in Britain—or for that 
matter six (or seven) Cochlearias ? It would be unfair 
to expect Dr. Butcher to solve, at one blow, all the 
problems which have overtaxed the mental equipment 
of generations of taxonomists, but one cannot help 
feeling that if these, and a hundred similar problems in 
Juniperus, Caltha, Erophila, Arabis, Viola, Polygala, 
Sagina, Salicornia, etc., were to be given serious 
attention, not by one botanist, but by a group of 
botanists, prepared to follow up every possible clue, 
then elucidation would follow. Perhaps not, for it may 
be that our whole system of taxonomy and nomen- 
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clature is too crude and static to encompass the 
restless mutatings of living things, but at least the 
effort would be praiseworthy. Besides, it is demoral- 
izing for any scientist to have to keep on repeating 
what he does not wholly believe. 

It is sad to find that Dr. Butcher has joined forces 
with those who require a povular name for every 
unpopular plant: one senses political undertones in 
‘Red German Catchfly’ (Lychnis viscaria), redressed 
perhaps by the fact that Rumez orientalis has escaped 
to become the ‘Western Dock’ and—it was bound to 
happen sooner or later—one blushes at the frankly 
clinical implications of Dickie’s Bladder Fern. How 
fortunate that Cystopteris dickieana is such a very 
rare plant ! 

Finally, it must be pointed out that the Achlamy- 
deae, Group VI (p. 37) in the mammoth identification 
key, do not have ‘“‘both calyx and corolla present’. 

R. D. MEIKLE 


THE MITES AND TONGUE-WORMS 
OF AFRICAN VERTEBRATES 


The Arthropod Parasites of Vertebrates in Africa 
South of the Sahara, (Ethiopian Region) 

Vol. 1 (Chelicerata). Edited by F. Zumpt. (Pub- 

lications of the South African Institute for Medical 

Research, No. 1, Vol. 9.) Pp. vi+457. (Johannes- 

burg: South African Institute for Medical Research, 

1961.) R. 6.00. 


HE “onlie begetter”’ of this handsome volume was 

undoubtedly the Check List of the late G. A. H. 
Bedford, published during 1927-36, a fact which 
is acknowledged in the first sentence of its intro- 
duction; it would perhaps have added a further touch 
of graciousness if it had been made clear that the 
very form of the present compilation is that inaugur- 
ated by Bedford—keys, figures, method of specific 
citation, sections, notes and even the general typo- 
graphy. Bedford’s achievement was a great one, 
and to admit it to be so does not in the least 
diminish one’s admiration for the extreme care and 
competence of all the authors of this, Bedford’s 
successor. 

Three decades of research in this field have in- 
creased the numerical total of Bedford’s Check List 
many times and the present volume adds numerous 
new and excellent figures and completely new keys. 
The extreme care which has been taken by all the 
authors can be seen in the treatment of ‘difficult’ 
genera, for example, Haemolaelaps. A conservative 
systematics is evident everywhere, and if some acaro- 
logists feel that occasionally this conservative con- 
straint may obscure some important relationships (as 
in some feather-mite genera), none, at least on the 
eastern side of the Atlantic, but will welcome the 
consequently rational treatment such as is accorded 
the Trombiculidae, in which family the fiuidity of 
present-day generic concepts is frankly recognized 
and reflected. 

The general introductory discussion of arthropod 
parasitism is succinct and reliable, and, within the 
obviously set limits which have been imposed, gives 
a useful) survey of the subject for the purposes of the 
general student; but it leaves unanswered, of course, 
several problems such as why, for example, there are 
different patterns in the reduction of the biological 
cycle of the Acari. In this connexion it might be 
mentioned that the extremely complicated matter of 
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clearly if rapidly sketched, but one imagines thy 
there will be several workers who will share my / 
resistance to the suggestion that the Ereynetidgs | 
have evolved from ‘““Trombicula-like’”’ ancestors, 

It seems ungrateful, given here so much, to agk 
more, but one could have wished for a system of 
cross-references between the bibliographical citations 
and the records. This would have made for easy 
validation of the latter, and although the specialig 
can perhaps often make an intelligent guess, the 
non-specialist has the labour of working systematic. 
ally through all the entries. Optat ephippia bog 
piger, optat arare caballus. F. A. Turk 


FIFTY YEARS OF STEDMAN 


Stedman’s Medical Dictionary 

Twentieth edition, completely revised. Pp. xlvii+ 
1680+31 plates. (London: Bailliére, Tindall and 
Cox, Ltd., 1961.) 110s. 


NY published work which has run into its 

twentieth edition has proved its worth. In 1911, 
Thomas Lathrop Stedman compiled the first edition 
of his medical dictionary which, compared with the 
latest, was relatively so simple that he needed no 
collaborators. 

When the present work was projected, a team of 
experts in the various phases of medical lexicography 
was brought together to act not as advisory con. 
sultants but as working partners. These twenty-three 
consulting editors include such names as Prof. A. I. 
Lansing, C. D. Leake, and N. B. Taylor, and are 
supported by outstanding colleagues in the fields of 
dentistry and pharmacology. Together they have 
scrutinized each entry in the nineteenth edition, 
re-defined many thousands of them and inserted a 
vast number of new ones. Each entry carries with 
it, if necessary, a reference to the appropriate anatomi- 
cal or pharmacological nomenclature, while tables 
are used for many sorts of entries, for example, 
methods, operations, diseases, anatomical structures 
and pharmacological terms. 

One difference between this and other modical 
dictionaries is that it carries many dental terms; the 
volume will be equally useful to dental practitioners 
and students as to members of the medical profession. 
Many entries also relate to veterinary science. 
Obsolete words and expressions, duplications and 
repetitions have been eliminated while terms relating 
to botany, homeopathy, eclectic medicine, life 
insurance and electricity are also omitted unless they 
have medical applications. 

Such wholesale alteration has meant a resetting of 
the entire work. The publishers have consequently 
used a new type face and arrangement which make the 
entries much easier to find and read. The pages are 
larger and there are many more of them. Pronuneis- 
tions are given only where the editors consider Eng- 
lish-speaking readers might have difficulties. With 
the vastly improved illustrations, the high-quality 
paper and the sturdy binding, Stedman’s Medical 
Dictionary in its twentieth edition is so new that it 
resembles the first one only in bearing the name of 
Stedman. Although prepared in the United States, 
the producers had all English-speaking readers 2 
mind during the production and the dictionary cam 
be recommended to all who read English as remark- 
able value for money. K. M. Hawn 
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No. 4809 


Handbuch der Papierchromatographie 


Herausgegeben von I. M. Hais und K. Macek. Band 


) 2: Bibliographie und Anwendungen. Pp. xxiv + 726. 


(Jena: Gustav Fischer Verlag, 1960.) 44 D.M. 


N their introduction, the editors state that as it 
I was difficult to incorporate a comprehensive 


§ bibliography on paper chromatography in their first 


volume on principles and techniques, they decided 


' to do this separately in a second volume. This book 


contains more than 10,000 references (about four 
times as many as in Volume 1) and the arrangement 
follows roughly the same pattern as that of the subject- 
matter of the first volume. The references cover the 
period up to 1956; each is numbered and each title is 
given in full if the original language is English, 
French or German; otherwise the English or German 
translations as they occur in the recognized abstracts 
in these languages are given. The literature is covered 
very thoroughly, and there is probably no publication 
of any importance or interest about fundamentals or 
applications which has been missed. The systematic 
sectional arrangement, cross-references and compre- 
hensive indexes of subjects and authors make for easy 
location of references to any desired topic in which 
paper chromatography has played a part. 
R. ConspEN 


Précis de Climatologie 
Par Prof. Ch. P. Péguy. . 
(Paris: Masson et Cie., 1961.) 
Cartonne toile 52 N.F. 


HE studies on various aspects of physical 

geography and related sciences published since 
1958 by Masson et Cie. have gained wide acceptance 
as soundly based, timely and authoritative: and the 
Précis de Climatologie maintains well the standards 
set by earlier volumes of the series. Prof. Péguy 
approaches his topic on a global scale, and is also 
actively concerned to demonstrate the practical 
applications of climate and weather to human and 
vegetal life. His method is first to discuss the elemen- 
tary physical principles involved in climate: atmos- 
pheric radiation and circulation, temperature, hum- 
idity, and air mass characteristics; then to show the 
interrelations of these elements both on a local scale 
and for Earth as a whole; and next, to consider the 
effects of these elements on soils, and plant and 
animal life (especially human). Lastly, present-day 
theories are reviewed with, on occasion, evaluation 
by the author of differing approaches to a particular 
problem—for example, by Sorre and Képpen in the 
matter of thermal zones. 

This treatment has the important advantage of 
subordinating theory and basic principles to inter- 
relationships and effecte within the natural environ- 
ment; and thus Prof. Péguy’s study is useful not only 
for geographers but also for the agronomist, botanist, 
planner and engineer concerned with problems of 
land development. Recent advances and trends 
within the subject can be treated at some length as a 
logical culmination: frontal and air-mass analysis; 
evapo-transpiration; rainfall dispersion, intensity, 
and efficacy; and the concept of water-budgets. 
There are also sections on climate classification and 
fluctuation. 

With such an approach there can, however, be con- 
siderable risk of over-simplification and superficiality, 
especially when allied to a concise, near-didactic 
style of presentation. This the author in general 
avoids, due to extensive use of numerical examples, 


Pp. iv+348+3 planches. 
Broché 42 N.F.; 
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graphs, and a rigid statistical treatment of material. 
Too often in climatological treatises there is an 
insufficient factual basis—this is by no means the case 
here: although in one or two rare instances (for 
example, treatment of geostrophic forces and discus- 
sion of frontal surfaces) greater detail and clarity 
might have been attained. One might also have 
expected more than four pages on micro- and local- 
climates, especially in view of the exhaustive discus- 
sion of such matters as angle of incidence of the solar 
beam. 

These, however, are very small matters when viewed 
alongside the many and solid merits of Prof. Péguy’s 
work. Here in one volume we have a spread of 
modern climatological topics so far not brought 
together (at least in English), with a wide range of 
examples from the work of research workers both in 
Europe and America, completed in many instances 
by a review of future research possibilities. The work 
is a distinct advance in the subject, and is a demons- 
tration of geographical techniques applied soundly 
to scientific material. W. B. FisHEer 


Wunderwelt Kakteen 
Von Curt Backeberg. Pp. 242 (176 Abbildungen). 
(Jena: Gustav Fischer Verlag, 1961.) 19.50 D.M. 


6 t ~y is one of the most entertaining books that 
the reviewer has read for a very long time. Dr. 
Backeberg is possibly the world’s foremost authority 
on the classification of the Cactaceae and has pub- 
lished six large volumes on the taxonomy of the 
numerous species, magnificently illustrated and con- 
taining a wealth of critical judgment. But Dr. 
Backeberg is not concerned with taxonomy in the 
book that lies before us. Here we are introduced to 
the Cactaceae, not in the arid fashion of a botanical 
treatise, but most entertainingly to what he calls the 
“miracle world” of these extraordinary plants. The 
first miracle is how they manage to exist in some 
of the most arid and inhospitable parts of the 
Earth. The second miracle is the amazing variety of 
shape, size and characteristics developed. <A glance 
at the family members shows that in size the species 
vary from huge specimens of several tons weight 
to minute marble-size prickly spheres; in shape they 
may be cylindrical, spherical, erect, simple or 
branched; the surface may be smooth, wavy or 
furrowed, with or without a fearsome armament of 
spines; the flowers, whether large or snmaall, night- or 
day-flowering, are, by any standards, beautiful; the 
flesh of some species yields food and drink, and the 
notorious drug mescalin can be obtained from 
another. 

Many additional uses are mentioned, one macabre, 
some utilitarian, some humorous. The Aztecs 
slaughtered their human sacrifices on a bed made from 
the cut stems of one of the larger specimens. The 
frame-work of a hut can be made from the stems of 
other species. ‘Cactus fiends” in California decorate 
their clothing with cacti while ‘““Miss Cactus” wears a 
spiny crown. These prickly plants are a boon to the 
caricaturist, for the man who sat down on a cactus 
can scarcely fail to raise a smile. Romanticists 


have even written poetry about them, and such 
is their attraction that “‘out and out” fiends will 
even descend to barefaced theft to acquire a rare 
specimen. 

The book is beautifully illustrated, beautifully 
printed, a credit to Dr. Backeberg and, let us add, 
worthy of the Cactaceae. 


N. L. Bor 
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SMITHSON TENNANT, 1761-1815 
By Dr. A. E. WALES 


Principal, Burnley 


MITHSON TENNANT was born at Selby, 

Yorkshire, on November 30, 1761, and christened 
in the Abbey Church there on December 3. His 
father, the Rev. Calvert Tennant, was the younger 
son of Edward Tennant of Mount Parke Farm, 
Wensley, and a Fellow of St. John’s College, Cam- 
bridge. His mother was Mary, the only surviving 
daughter of William Daunt, apothecary of Selby. 
The Rev. Calvert Tennant’s sister, Alice, married 
George Dinsdale of Nappa Hall, Wensleydale, and 
her daughter Alice married Christopher Pryme 
of Hull. The son of this marriage was George Pryme 
(1781-1868), who held the professorship of political 
economy at Cambridge, while Tennant was the 
professor of chemistry there (1813-15). 

Tennant lost his father when he was ten years old, 
and his mother, by a fall from her horse while they 
were out riding in 1781, when he was twenty. During 
the intervening period, he attended the grammar 
schools of Scorton, Tadcaster and Beverley, in all 
of which he was fortunate to come under the influence 
of progressive and enlightened headmasters. It was 
during this period that the foundations of his later 
life as a natural philosopher were laid, for in addition 
to a good grounding in the classics, mathematics and 
French, the early interest in science which resulted 
from studying his grandfather Daunt’s books was 
further encouraged by attendance in Tadcaster at the 
lecture of a Mr. Walker, an itinerant lecturer on popu- 
lar science, and by the full use which he made of the 
excellent library at Beverley Grammar School, in 
which he found and eagerly studied a copy of Newton’s 
Treatise on Optics. 

His mother encouraged his growing love for science, 
and in 1781 plans were made for him to live as a 
pupil with Joseph Priestley. These, however, fell 
through and instead, just after his mother’s fatal 
accident, Tennant entered the University of Edin- 
burgh ostensibly as a medical student, but in reality 
so that he could study chemistry under Black. His 
notebooks of Black’s lectures on chemistry, those of 
Munro Secundus on anatomy and surgery, and of 
Walker on natural history are still in existence. At 
Edinburgh, Tennant came into intimate relationship 
not only with Black but also with Hutton the 
geologist, Playfair the mathematician and Webb 
Seymour and his friends, the Horners, and it may be 
that Tennant performed experiments under the 
direction of Black and Hutton designed to support 
the latter’s theory of rock formation. Tennant’s 
stay in Edinburgh and especially his close association 
with Black profoundly influenced his attitude to 
science, confirming him in his choice of chemistry 
as the sphere of his life’s work and leading him to 
accompany Black about 1790 as among the very first 
British scientists to accept in full the implications 
of the antiphlogistic theory. 

Tennant left Edinburgh in 1781 and entered the 
University of Cambridge, again as a medical student, 
first as a pensioner at Christ’s College and then, in 
1782, as a Fellow Commoner of Emmanuel College. 
In an age when Fellow Commoners were noted more 
for their profligacy than for studious habits, Tennant’s 
dedication to the pursuit of scientific inquiry is out- 


Municipal College 4 


standing, especially as he was now in complete contro 
of his own fortunes. Tennant’s close friends 
Cambridge included Sir Busick Harwood, who 
occupied the chair of anatomy during 1785-1814 ang 
was Downing professor of medicine during 1860-]4. 
Isaac Milner, who became the first Jacksonian pro. 
fessor in 1793 and to whom Tennant lent his noteg of 
Black’s lectures on chemistry, Dr. Edward Waring, the 
Lucasian professor of mathematics, Whitehall White. 
hall Davies, a close family friend of his boyhood: 
Thomas Smith, later of Easton Grey and friend of 
Ricardo and Malthus and John Whishaw, later the 
“Pope of Holland House”, confidant of the most 
influential of Whig politicians and Tennant’s life. 
long correspondent. Both Milner and Wari 
sponsored his election to the fellowship of the Royal 
Society in 1785 when he was twenty-four, and all 
of them remained his close friends throughout his 
life. In 1788, he “kept his Acts” for the degree of 
M.B., and a historian of the period who knew him jp 
College remarks that this Act and that for his M.D, 
in 1796 were “of the highest order though marked by 
great eccentricity”. 

In addition to his preoccupation with items of 
chemical research, Tennant, while at Cambridge, 
began his foreign travels. In 1784 he visited Den. 
mark and Sweden with the object of becoming person- 
ally acquainted with Scheele, Gahn and Berzelius, 
The visit stimulated his interest in geology and 
mineralogy, especially as he learnt from Gahn the 
use of the blowpipe in mineral analysis and soon 
became an acknowledged expert. In 1786 he paids 
visit to France, Holland and the Lowlands, where he 
met Berthollet, Delametherie and very probably 
Lavoisier. This tour enlarged and deepened his 
interest in political economy, a subject which fascin- 
ated him for the rest of his life. A further European 
tour in 1793 took him to Switzerland, where be met 
Gibbon, then living out his last years at Lausanne. 
Returning via Italy, Germany and France, he 
remarked that most of the German chemists he had 
met appeared still to be preoccupied with the search 
for the ‘philosopher’s stone’. About this time, 
Tennant was asked to stand as a candidate for the 
Jacksonian professorship at Cambridge, but withdrew 
his name later. F. J. H. Wollaston was eventually 
elected. 

Shortly after taking his degree in 1788, Tennant 
left Cambridge to reside in London at 4, Garden 
Court, Temple, and began to engage in chemical 
research, to attend meetings of learned societies and 
to build up a wider and wider circle of friends and 
acquaintances among the scientists, political econom- 
ists and political reformers of the day. He never 
practised medicine, although he seems to have been 
very much attracted to the works and opinions of 
Sydenham and the chemical aspects of disease. His 
personal fortune, his love of independence and hatred 
of restraint, his sensitive nature and benevolent 
personality stifled in him any desire to undertake 
the drudgery of the life of a practising physician, 
and added to this there was the growing success 
attending his private researches. Between 1791 
and 1797 he read papers before the Royal Society 
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on the decomposition of fixed air, the nature of 
diamond and the action of nitre on gold and platina, 
all showing his growing mastery of research methods 
and in concept and design and showing, too, the strong 
influences of Black and the Edinburgh school of 
chemistry, the new ideas of chemical philosophy 
originating in the French school under Lavoisier and 
pearing, within the results, the seeds of greater 
triumphs in the future. 

At this period of his life, Tennant’s situation was 
indeed an enviable one. Rich enough to follow his 
own inclinations, he was at peace with himself 
because of his decision to devote himself to chemical 
research, was well established in London as a scientist 
of repute, and by the charm and benevolence of his 

rsonality was the centre of a widening eircle of 
intellectual and influential friends. John Whishaw 
had come to live near him and through his friendship 
Tennant moved among the members of the Whig 
party at Holland House, while Francis Horner lived 
very near him in the Temple. The only ill-fortune 
was a gradual decline in his health, and even this 
turned out for the best, for, on being urged to cultivate 
more interests, he took up horse riding, in which he 
had not indulged since his mother’s tragic death. 
This new form of exercise, which he continued to 
practise for the rest of his life, not only restored his 
health, but also started him off on a new venture. 
He became so interested in farming that, after exper’ 
menting for a year or two with a few acres of land 
near Epworth in Lincolnshire, he purchased 500 
acres of land newly allocated under the Enclosure 
Act at Shipham in Somerset. On this land, Tennant 
built a small country house in which he lived every 
summer and entertained his friends. His interest in 
farming was not in growing crops. but in conducting 
agricultural experiments, and his experiences led to 
the publication of his paper on the different sorts of 
lime used in agriculture with special reference to the 
deleterious effect on crops of magnesium limestone. 

So, from about 1800 onwards, Tennant’s life moved 
within two circles, each with its own friends and 
acquaintances but at times overlapping; one pre- 
dominantly scientific and the other centred around 
polities and political economy. The latter included 
Thomas Smith, and his home at Easton Grey in 
Wiltshire, which was within easy travelling distance 
of Tennant’s country house. He was a constant 
visitor at Easton Grey, where he was held in the 
greatest personal esteem and where he became 
friendly with Ricardo and Malthus. The political 
circle also included Whishaw, Warburton, Sharp, 
Rogers, Dumont, Sir Samuel Romilly, Sir J. Mackin- 
tosh, Lord Brougham and Francis Horner, and 
others who moved among the Whigs of Holland 
House and belonged to a select dining club called the 
‘King of Clubs’. Here the talk was of reform and 
theories of political economy, and Tennant’s interest 
was so aroused that he offered to found a chair of 
political economy at Cambridge and contemplated 
writing a treatise which would embody his views on 
the subject with reference both to Britain and to 
other European countries. 

This increasing preoccupation with political econ- 
omy and reform did not, however, affect in any way 
his scientific activities. His paper on the composition 
of emery published in 1802 gives evidence of his 
continuing experimental work, but a more important 
feature of his scientific life is the deepening of his 
friendship with W. H. Wollaston, which blossomed 
into active collaboration and partnership during the 
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next ten years. The friendship between the two 
men began at Cambridge, where Wollaston was 4 
Pensioner and Scholar at Gonville and Caius 
College from 1782, graduating M.B. in 1787. He, too, 
attended Milner’s lectures on chemistry and was 
taught the use of the blowpipe in mineral analysis by 
Tennant himself. During 1787-97 Wollaston was 
practising medicine in Huntingdon and Bury St. 
Edmunds, but when he went to London permanently 
in 1797, in order to pursue the calling of physician, 
the friendship was renewed and became intimate 
enough for Wollaston to act as Tennant’s assistant 
during his experiments on the analysis of the diamond 
in 1797. It may be that this fruitful collaboration 
was a real factor, as well as the well-known incident at 
St. George’s Hospital, in influencing Wollaston in his 
decision to give up & career in medicine for one devoted 
to chemical research. Indeed, there is evidence that 
Tennant’s influence on Wollaston at this period of his 
life was very profound, for Warburton wrote in his 
biography of Wollaston that ‘“‘Wollaston held 
Tennant’s knowledge of the sciences in profound 
admiration and a few years after this time expressed 
his despair of ever becoming Tennant’s equal as a 
Chemist’’. 

From at least | :.J0 until his death in 1815, Tennant 
was both a financial and a scientific partner of Wollas- 
ton, a collaboration which brought fame to both men 
and success in many spheres of scientific achievement. 
The most spectacular result of the collaboration was 
achieved by the successful outcome of the series of 
experiments, initiated by a further study of Tennant’s 
paper on the action of nitre on platina, which resulted 
in Tennant’s discovery and extraction of osmium 
and iridium from crude platina, and Wollaston’s 
discovery and extraction of palladium and rhodium. 
For this discovery Tennant was awarded the Copley 
Medal of the Royal Society, and Wollaston went on to 
develop his well-known method of producing malleable 
platinum and so pure platinum sheet. There is some 
evidence to suggest that this method may have owed 
something te Tennant’s friendship with Black at 
Edinburgh. The practical result, however, was that 
the two men proceeded to make and sell the first 
platinum stills for use in the manufacture and 
purification of sulphuric acid. A further successful 
venture which lasted until 1811 was the manufacture 
of oxalic acid and oxaletes, tartaric and citric acids 
from argol and lemon juice. 

To this partnership, Tennant contributed money, 
a wealth of scientific acumen and knowledge and some 
practical skill, but it was Wollaston who contributed 
more and more of all three as time went on. Indeed, 
during the partnership, Tennant began increasingly 
to show something of that trait in his character on 
which ail his friends have commented—the exhibition 
of a sense of a lack of purpose, a carelessness some- 
times amounting almost to indolence which seemed to 
take pos-ession of him and seemed to them to be akin 
to that shown by Dr. Black himself. The friendship, 
however, remained firm and close, because Tennant 
and Wollaston visited Ireland together in 1805. 
Tennant repeated the visit in 1806, but this time with 
W. G. Browne, the celebrated African traveller and 
explorer, another whose friendship Tennant valued 
highly until Browne’s assassination near Tabriz in 
1813. This friendship led to a similar one with the 
explorer Burkhardt, who died in 1809. ; 

In addition to being a Fellow of the Royal Society 
and a member of the Royal Institution, Tennant was 
a founder member of the Askesian Society (1799), 
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renamed the Geological Society in 1806. In 1811, 
Tennant contributed a short note to the Society on 
native concrete boracic acid, and in 1813, when he was 
@ vice-president, he delivered a lecture to the Society 
on the principles of mineralogy, in which he expressed 
his great indebtedness to the views expressed by Berze- 
lius, who had stayed with him at his farm in 1812. 

The success of this lecture, and those which Tennant 
was accustomed to give on chemistry and mineralogy 
to quite large gatherings of his friends in his rooms at 
Garden Court, together with his outstanding scientific 
achievements, convinced his friends of his suitability 
as a candidate for the professorship of chemistry at 
Cambridge, and in 1813 he was elected to the chair, 
following Farish, who had been elected to the Jack- 
sonian professorship. 

During the remaining two years of his life, Tennant 
divided his time between Cambridge, London and 
his farm at Shipham. Letters in existence show a 
ripening friendship between Tennant and Berzelius 
after the latter’s visit to Engiand in 1812, and they 
throw light, too, on his friendship with the scientists 
Thomas Young, Marcet, Dr. McMichael and Sir 
James Sebright. 

Tennant was involved in an interesting experience 
which may have had later important repercussions. 
An explosion occurred in a gas-holder belonging to 
the Gas Light Co. in 1813. In 1814, a committee 
from the Royal Society was charged with investigat- 
ing the matter; and Tennant, who was a member of 
the Council of the Society, and another (Wollaston ?), 
after a great deal of experimental work, showed that 
a flame will not pass through thin tubes and ignite an 
explosive mixture. Davy repeated these experiments 
in the following year and from the results discovered 
the use of gauze in the manufacture of the safety lamp. 
Dr. Marcet, writing to Berzelius in 1816, implies that 
Davy knew of Tennant’s previous work but Davy 
always denied this. 

Tennant’s election as professor of chemistry at 
Cambridge gave great satisfaction to all concerned 
and had a stimulating effect on Tennant himself. 
Because of his scientific reputation and ability, and 
his personal qualities, it was confidently expected 
that he would establish and build up a notable school 
of chemistry in the University, and, but for his 
untimely death, there is every reason to think that 
this would have happened. His first course of lectures 
was attended by large audiences who were entertained 
and instructed by a masterly exposition of chemical 
principles illustrated by many experiments both of 
his own devising and also supplied by his many 
scientific friends. Among his first students were 
Charles Babbage and J. W. H. Herschel. During his 
short tenure of the professorship, Tennant revived an 
old interest in galvanism and built a much-improved 
voltaic battery embodying several unique features 
which he used with great success in his lectures. He 
also developed a new method of manufacturing 
potessium and published the results of his very first 
piece of experimental research on double distillation. 
It is now known that on the eve of his last Continental 
tour in 1814 he had completed two further pieces of 
research, one on the use of oxalic acid in the formation 
of sugar from starch and the other on the existence, 
extraction and purification of iodine from marine 
sources. He had also come to the conclusion that 
aragonite and calcite were dimorphic states of calcium 
carbonate, and he contemplated the publication of 
what would have been an important step in crystallo- 
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In September 1814 Tennant sailed for France, with 
Marcet and Wollaston, to enjoy a Continental holiday 
After touring southern France, meeting Berthellot 
and Berard in Marseilles and staying with scientific 
friends in Paris, he reached Boulogne on his way home 
on February 22, 1815. Strong winds prevented 
boat from leaving the harbour and Tennant, accom. 
panied by Baron Bulow, went riding on the sands, 
While inspecting a small fort, a bridge over a deep 
ditch gave way under Tennant’s horse, and as e regult 
of this accident Tennant died in Boulogne hospital 
and was buried in Boulogne cemetery. 

So far as is known, no likeness of Tennant exists, 
but it is said that in his features he closely resembled 
the philosopher Locke. He never married and seemed 
quite indifferent to female society. Of his influence 
on the scientific events of his day, there can be no 
doubt of its prime importance, not only because of 
his own personal contributions, but also because of 
his influence on the work of other scientists, notably 
Davy and Wollaston—an influence which does not 
seem to have been adequately recognized or appre. 
ciated. Of his character and personality, some words 
written by Brande and some by Dyer may be quoted. 
Brande wrote in his Manual of Chemistry: “Mr. 
Smithson Tennant was a profound philosopher and a 
matchless companion. His learning was without 
pedantry, and his wit without sarcasm. He was 
deep but always clear, gentle but never dull. To 
those who knew him not, it is scarcely possible to 
offer an adequate representation of his singularly 
pleasing and enlightened character by those who 
enjoyed his acquaintance and partook of his social 
hours. His extent of knowledge, his happy and 
unrivalled talent for conversation, his harmless but 
brilliant flashes of merriment and all his amiable 
peculiarities can never be forgotten’. Dyer, who 
knew him at Cambridge, wrote: “It is pleasing to pay 
respect to @ person whose modesty surpassed his 
industry, whose love of science was greater than his 
love of fame and to whom nothing perhaps was 
wanting to have rendered him one of the most dis- 
tinguished men of his time except better health and 
more systematic habits of study”’. 
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GENERAL NATURE OF THE GENETIC CODE FOR PROTEINS 


By Dr. F. H. C. CRICK, F.R.S., LESLIE BARNETT, Dr. S. BRENNER 
and Dr. R. J. WATTS-TOBIN 


Medical Research Council Unit for Molecular Biology, 
Cavendish Laboratory, Cambridge 


HERE is now a mass of indirect evidence which 
suggests that the amino-acid sequence along the 

polypeptide chain of a protein is determined by the 
sequence of the bases along some particular part of 
the nucleic acid of the genetic material. Since there 
are twenty common amino-acids found throughout 
Nature, but only four common bases, it has often 
been surmised that the sequence of the four bases is 
in some way a code for the sequence of the amino- 
acids. In this article we report genetic experiments 
which, together with the work of others, suggest that 
the genetic code is of the following general type: 

(a) A group of three bases (or, less likely, a multiple 
of three bases) codes one amino-acid. 

(b) The code is not of the overlapping type (see 

ig. 1). 
i The sequence of the bases is read from a fixed 
starting point. This determines how the long 
sequences of bases are to be correctly read off as 
triplets. There are no special ‘commas’ to show how 
to select the right triplets. If the starting point is 
displaced by one base, then the reading into triplets 
is displaced, and thus becomes incorrect. 

(d) The code is probably ‘degenerate’; that is, in 
general, one particular amino-acid can be coded by 
one of several triplets of bases. 


The Reading of the Code 


The evidence that the genetic code is not over- 
lapping (see Fig. 1) does not come from our work, 
but from that of Wittmann! and of Tsugita and 
Fraenkel-Conrat® on the mutants of tobacco mosaic 
virus produced by nitrous acid. In an overlapping 
triplet code, an alteration to one base will in general 
change three adjacent amino-acids in the polypeptide 
chain. Their work on the alt: - tions produced in the 
protein of the virus show .' at usually only one 
amino-acid at a time is changed as a result of treating 
the ribonucleic acid (RNA) of the virus with nitrous 
acid. In the rarer cases where two amino-acids are 
altered (owing presumably to two separate deamina- 
tions by the nitrous acid on one piece of RNA), the 
altered amino-acids are not in adjacent positions in 
the polypeptide chain. 

Brenner* had previously shown that, if the code 
were universal (that is, the same throughout Nature), 
then all overlapping triplet codes were impossible. 
Moreover, all the abnormal human hemoglobins 
studied in detail‘ show only single amino-acid changes. 
The newer experimental results essentially rule out 
all simple codes of the overlapping type. 

If the code is not overlapping, then there must be 
some arrangement to show how to select the correct 
triplets (or quadruplets, or whatever it may be) along 
the continuous sequence of bases. One obvious 
suggestion is that, say, every fourth base is a ‘comma’. 
Another idea is that certain triplets make ‘sense’, 
whereas others make ‘nonsense’, as in the comma-free 


codes of Crick, Griffith and Orgel’. Alternatively, 
the correct choice may be made by starting at a fixed 
point and working along the sequence of bases \three 
(or four, or whatever) at a time. It is this possibility 
which we now favour. 


Experimental Results 


Our genetic experiments have been carried out on 
the B cistron of the rq region of the bacteriophage 
T4, which attacks strains of Escherichia coli. This is 
the system so brilliantly exploited by Benzer*’. 
The rq region consists of two adjacent genes, or 
‘cistrons’, called cistron A and cistron B. The wild- 
type phage will grow on both £. coli B (here called 
B) and on EL. coli K12 (i) (here called K), but a phage 
which has lost the function of either gene will not 
grow on K. Such a phage produces an r plaque on B. 
Many point mutations of the genes are known which 
behave in this way. Deletions of part of the region 
are also found. Other mutations, known as ‘leaky’, 
show partial function; that is, they will grow on K 
but their plaque-type on B is not truly wild. We 
report here our work on the mutant P 13 (now 
re-named FC 0) in the Bl segment of the B cistron. 
This mutant was originally produced by the action 
of proflavin’. 

We? have previously argued that acridines such 
as proflavin act as mutagens because they add or 
delete a base or bases. The most striking evidence in 
favour of this is that mutants produced by acridines 
are seldom ‘leaky’; they are almost always completely 
lacking in the function of the gene. Since our note 
was published, experimental data from two sources 
have been added to our previous evidence: (1) we 
have examined a set of 126 r,_, mutants made with 
acridine yellow; of these only 6 are leaky (typically 
about half the mutants made with base analogues 
are leaky); (2) Streisinger?® has found that whereas 
mutants of the lysozyme of phage 7'4 produced by 
base-analogues are usually leaky, all lysozyme 
mutants produced by proflavin are negative, that is, 
the function is completely lacking. 

If an acridine mutant is produced by, say, adding a 
base, it should revert to ‘wild-type’ by deleting a base. 
Our work on revertants of /'C_0 shows that it usually 

41 
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Fig. 1. To show the difference between an overlapping code and 


a non-overlapping code. The short vertica] lines represent the 
bases of the nucleic acid, The case illustrated is for a triplet code 
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reverts not by reversing the original mutation but by 
producing a second mutation at a nearby point on 
the genetic map. That is, by a ‘suppressor’ in the 
same gene, In one case (or possibly two cases) it 
may have reverted back to true wild, but in at least 
18 other cases the ‘wild type’ produced was really a 
double mutant with a ‘wild’ phenotype. Other 
workers" have found a similar phenomenon with 
‘Ty mutants, and Jinks'* has made a detailed analysis 
of suppressors in the hm gene. 

The genetic map of these 18 suppressors of FC 0 
is shown in Fig. 2, line a. It will be seen that they 
all fall in the Bl segment of the gene, though not all 
of them are very close to FC 0. They scatter over 
a@ region about, say, one-tenth the size of the B 
cistron. Not all are at different sites. We have 
found eight sites in all, but most of them fall into 
or near two close clusters of sites. 

In all cases the suppressor was a non-leaky r. That 
is, it gave an r plaque on B and would not grow on K. 
This is the phenotype shown by a complete deletion 
of the gene, and shows that the function is lacking. 
The only possible exception was one case where the 
suppressor appeared to back-mutate so fast that we 
could not study it. 

Each suppressor, as we have said, fails to grow on 

Reversion of each can therefore be studied by 
the same procedure used for FC 0. In a few cases 
these mutants apparently revert to the original wild- 
type, but usually they revert by forming a double 
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duced as suppressors of these suppressors. Again ql] 
these new suppressors are non-leaky r mutants, and 
all map within the Bl segment for one site in the 
B2 segment. 

Once again we have repeated the process on two 
of the new suppressors, with the same general results, 
as shown in Fig. 2, lines i and j. 

All these mutants, except the original FC 9, 
occurred spontaneously. We have, however, pro. 
duced one set (as suppressors of /C 7) using acridine 
yellow as a mutagen. The spectrum of suppressors 
we get (see Fig. 2, line h) is crudely similar to the 
spontaneous spectrum, and all the mutants are 
non-leaky r’s. We have also tested a (small) selection 
of all our mutants and shown that their reversion. 
rates are increased by acridine yellow. 

Thus in all we have about eighty independent r 
mutants, all suppressors of FC 0, or suppressors of 
suppressors, or suppressors of suppressors of sup. 
pressors. They all fall within a limited region of 
the gene and they are all non-leaky r mutants. 

The double mutants (which contain a mutation 
plus its suppressor) which plate on K have a variety 
of plaque types on B. Some are indistinguishable 
from wild, some can be distinguished from wild with 
difficulty, while others are easily distinguishable and 
produce plaques rather like r. 

We have checked in a few cases that the pheno. 
menon is quite distinct from ‘complementation’, 
since the two mutants which separately are pheno. 
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mutant. Fig. 2, lines b-g, shows the mutants pro- typically r, and together are wild or pseudo-wild, 
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Fig. 2. A tentative map—only very roughly to scale—of the left-hand end of the B cistron, showing the position of the FC family of 
The order of sites within the regions covered by brackets (at the top of the figure) is not known. 
Each line represents 
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must be put together in the same piece of genetic 
material. A simultaneous infection of K by the 
two mutants in separate viruses will not do. 


The Explanation in Outline 


Our explanation of all these facts is based on the 
theory set out at the beginning of this article. 
Although we have no direct evidence that the B 
cistron produces a polypeptide chain (probably 
through an RNA intermediate), in what follows we 
shall assume this to be so. To fix ideas, we imagine 
that the string of nucleotide bases is read, triplet by 
triplet, from a starting point on the left of the B 
cistron. We now suppose that, for example, the 
mutant FC 0 was produced by the insertion of an 
additional base in the wild-type sequence. Then this 
addition of a base at the FC 0 site will mean that the 
reading of all the triplets to the right of FC 0 will 
be shifted along one base, and will therefore be incor- 
rect. Thus the amino-acid sequence of the protein 
which the B cistron is presumed to produce will be 
completely altered from that point onwards. This 
explains why the function of the gene is lacking. To 
simplify the explanation, we now postulate that a 
suppressor of FC 0 (for example, FC 1) is formed by 
deleting a base. Thus when the FC 1 mutation is 
present by itself, all triplets to the right of FC 1 
will be read incorrectly and thus the function will be 
absent. However, when both mutations are present 
in the same piece of DNA, as in the pseudo-wild 
double mutant FC (0+ 1), then although the 
reading of triplets between FC 0 and FC 1 will be 
altered, the original reading will be restored to the 
rest of the gene. This could explain why such double 
mutants do not always have a true wild phenotype 
but are often pseudo-wild, since on our theory a 
small length of their amino-acid sequence is different 
from that of the wild-type. 

For convenience we have designated our original 
mutant FC 0 by the symbol + (this choice is a pure 
convention at this stage) which we have so far con- 
sidered as the addition of a single base. The suppres- 


' sors of FC 0 have therefore been designated —. The 


suppressors of these suppressors have in the same way 
been labelled as +, and the suppressors of these last 
sets have again been labelled — (see Fig. 2). 
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Double Mutants 


We can now ask: What is the character of any double 
mutant we like to form by putting together in the 
same gene any pair of mutants from our set of about 
eighty ? Obviously, in some cases we already know 
the answer, since some combinations of a + witha — 
were formed in order to isolate the mutants. But, by 
definition, no pair consisting of one + with another + 
has been obtained in this way, and there are many 
combinations of + with — not so far tested. 

Now our theory clearly predicts that all combina- 
tions of the type + with + (or — with —) should 
give an r phenotype and not plate on K. We have 
put together 14 sucK pairs of mutants in the cases 
listed in Table 1 and found this prediction confirmed. 


Table 1. DOUBLE MUTANTS HAVING THE r PHENOTYPE 


— With —- + With + 
FC (1 + 21) FC (0+ 58) FC (40+ 
FC (23 + 21) FC (0 + 38) FC (40 + 58 
FC (1 + 23) FC(0 + 40) FC (40 + 55) 
FC (1 + 9) FC (0+ 55) FC (40 + 54) 


FC (0+ 54) FC (40 + 38) 


At first sight one would expect that all combinations 
of the type (+ with —) would be wild or pseudo-wild, 
but the situation is a little more intricate than that, 
and must be considered more closely. This springs 
from the obvious fact, that if the code is made of 
triplets, any long sequence of bases can be read 
correctly in one way, but incorrectly (by starting 
at the wrong point) in two different ways, depending 
whether the ‘reading frame’ is shifted one place to 
the right or one place to the left. 

If we symbolize a shift, by one place, of the reading 
frame in one direction by —> and in the opposite 
direction by <—, then we can establish the convention 
that our + is always at the head of the arrow, and 
our — at the tail. This is illustrated in Fig. 3. 

We must now ask: Why do our suppressors not 
extend over the whole of the gene? The simplest 
postulate to make is that the shift of the reading 
frame produces some triplets the reading of which is 
‘unacceptable’; for example, they may be ‘nonsense’, 
or stand for ‘end the chain’, or be unacceptable in 
some other way due to the complications of protein 
structure. This means that a suppressor of, say, 
FC 0 must be within a region such 
that no ‘unacceptable’ triplet is pro- 
duced by the shift in the reading 
4—it=— frame between FC 0 and its sup- 


—_ > + 


BC'A BC! 


"AB C'A B CIBC A'BC AIBC ANA 


pressor. But, clearly, since for any 
sequence there are two possible mis- 
readings, we might expect that the 
‘unacceptable’ triplets produced by 
a — shift would occur in dif- 
ferent places on the map from those 


A - ry produced by a <— shift. 
deletion addition Examination of the spectra of 
suppressors (in each case putting 
+ < - in the arrows — or <—) suggests 


‘ABCA BC'C A BIC A BIC A BIC A BIA BCIA BC! 


anywhere within our region (though 


addition 
Starting 
point 


Fig. 3. To show that our convention for arrows is consistent. The letters A, B and 
each represent a different base of the nucleic acid. For simplicity a repeating tai 
of » ABC, is shown. (This would code for a polypeptide for which every amino-acid 
The dotted lines represent the imaginary 
that the sequence is read in sets of three starting on the left 


was the same.) A triplet code is assumed. 
‘reading frame’ imp] 


deletion 


not outside it) the shift <, starting 
from points near FC 0, is acceptable 
over only a more limited stretch. 
This is shown in Fig. 4. Some- 
where in the left part of our region, 
between FC 0 or FC 9 and the 
FC 1 group, there must be one or 
more unacceptable triplets when 
a <— shift is made; similarly for 
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the region to the right of the FC 21 cluster. Thus 
we predict that a combination of a + with a 
— will be wild or pseudo-wild if it involves a — 
shift, but that such pairs involving a <— shift will be 
phenotypically r if the arrow crosses one or more of 
the forbidden places, since then an unacceptable 
triplet will be produced. 


Table 2. DovsBLe MUTANTS OF THE TYPE (+ WITH —) 
FC 41 FCO FC 40 FC 42 FC 58* FC 63 FC 38 


FC 1 w Ww Ww 
FC 86 w Ww Ww w 
FC9 r w Ww Ww Ww Ww 
FC 82 r Ww w Ww Ww 
FC 21 r Ww Ww 
FC 88 r r w Ww 
FC 87 r r r r Ww 


W, wild or pseudo-wild phenotype; W, wild or pseudo-wild com- 
bination used to isolate the suppressor; r, r aay 

* Double mutants formed with FC 58 (or with 34) give sharp 
Plaques on K. 


We have tested this prediction in the 28 cases 
shown in Table 2. We expected 19 of these to be 
wild, or pseudo-wild, and 9 of them to have the r 
phenotype. In all cases our prediction was correct. 
We regard this as a striking confirmation of our 
theory. It may be of interest that the theory was 
constructed before these particular experimental 
results were obtained. 


Rigorous Statement of the Theory 


So far we have spoken as if the evidence supported 
a triplet code, but this was simply for illustration. 
Exactly the same results would be obtained if the 
code operated with groups of, say, 5 bases. Moreover, 
our symbols + and — must not be taken to mean 
literally the addition or subtraction of a single base. 

It is easy to see that our symbolism is more exactly 
as follows: 


+ represents +m, modulo n 
— represents —m, modulo n 


where » (a positive integer) is the coding ratio (that 
is, the number of bases which cod» one amino-acid) 
and m is any integral number ot bases, positive or 
negative. 

It can also be seen that our choice of reading 
direction is arbitrary, and that the same results (to 
@ first approximation) would be obtained in whichever 
direction the genetic material was read, that is, 
whether the starting point is on the right or the left 
of the gene, as conventionally drawn. 


Triple Mutants and the Coding Ratio 


The somewhat abstract description given above is 
necessary for generality, but fortunately we have 
convincing evidence that the coding ratio is in fact 
3 or a multiple of 3. 

This we have obtained by constructing triple 
mutants of the form (+ with + with +) or (— with — 
with —). One must be careful not to make shifts 


Table 8. TRIPLE MUTANTS HAVING A WILD OR PSEUDO-WILD PHENO- 
TYPE 


FC (0 + 40 + 38) 
FC (0 + 
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FCO 
+ 
>t 
Foe —» FC 6b 
>t FCS 


Fig. 4. A simplified version of the genetic map of Fig. 2. Each 
line corresponds to the suppressor from one mutant, here under. 
lined, The arrows show the range over which suppressors have so 
far been found, the extreme mutants being named on the 
Arrows to the right are shown solid, arrows to the left do 


across the ‘unacceptable’ regions for the < shifts, 
but these we can avoid by a proper choice of mutants, 

We have so far examined the six cases listed in 
Table 3 and in all cases the triples are wild or pseudo. 
wild. 


The rather striking nature of this result can be | 


seen by considering one of them, for example, the 
triple (FC 0 with FC 40 with FC 38). These three 
mutants are, by themselves, all of like type (+). We 
can say this not merely from the way in which 

were obtained, but because each of them, when 
combined with our mutant FC 9 (—), gives the wild, 
or pseudo-wild phenotype. However, either singly 
or together in pairs they have an r phenotype, and 
will not grow on K. That is, the function of the 
gene is absent. Nevertheless, the combination of all 
three in the same gene partly restores the function 
and produces a pseudo-wild phage which grows on K, 

This is exactly what one would expect, in favourable 
cases, if the coding ratio were 3 or a multiple of 3. 

Our ability to find the coding ratio thus depends 
on the fact that, in at least one of our composite 
mutants which are ‘wild’, at least one amino-acid 
must have been added to or deleted from the poly- 
peptide chain without disturbing the function of the 
gene-product too greatly. 

This is a very fortunate situation. The fact that we 
can make these changes and can study so large a 
region probably cores about because this part 
of the protein is not essential for its function. That 
this is so has already been suggested by Champe 
and Benzer™ in their work on complementation in the 
rp, region. By a special test (combined infection on 
K, followed by plating on B) it is possible to examine 
the function of the A cistron and the B cistron 
separately. A particular deletion, 1589 (see Fig. 5) 
covers the right-hand end of the A cistron and part 
of the left-hand end of the B cistron. Although 
1589 abolishes the A function, they showed that it 
allows the B function to be expressed to a considerable 
extent. The region of the B cistron deleted by 1589 
is that into which all our FC mutants fall. 


Joining two Genes Together 


We have used this deletion to re-inforce our idea 
that the sequence is read in groups from a fixed 
starting point. Normally, an alteration confined 
to the A cistron (be it a deletion, an acridine mutant, 
or any other mutant) does not prevent the expression 
of the B cistron. Conversely, no alteration within 
the B cistron prevents the function of the A cistron. 
This implies that there may be a region between the 
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two cistrons which separates them and allows their 
functions to ~ expressed individually. 

We argued that the deletion 1589 will have lost 
this separating region and thet therefore the two 
(partly damaged) cistrons should have been joined 
together. Experiments show this to be the case, 
for now an alteration to the left-hand end of the 
A cistron, if combined with deletion 1589, can prevent 
the B function from appearing. This is shown in 
Fig. 5. Either the mutant P43 or X142 (both of 
which revert strongly with acridines) will prevent the 
B function when the two cistrons are joined, although 
both of these mutants are in the A cistron. This is 
also true of X142 Sl, a suppressor of X142 (Fig. 5, 
ease b). However, the double mutant (X142 with 
X142 S1), of the type (+ with —), which by itself is 

udo-wild, still has the B function when combined 
with 1589 (Fig. 5, case c). We have also tested in this 
way the 10 deletions listed by Benzer’, which fall 
wholely to the left of 1589. Of these, three (386, 168 
and 221) prevent the B function (Fig. 5, case f). 
whereas the other seven show it (Fig. 5, case e). We 
surmise that each of these seven has lost a number of 
bases which is a multiple of 3. There are theoretical 
reasons for expecting that deletions may not be 
random in length, but will more often have lost a 
number of bases equal to an integral multiple of the 
coding ratio. 

It would not surprise us if it were eventually shown 
that deletion 1589 produces a protein which consists 
of part of the protein from the A cistron and part 
of that from the B cistron, joined together in the same 
polypeptide chain, and having to some extent the 
function of the undamaged B protein. 


Is the Coding Ratio 3 or 6 ? 


It remains to show that the coding ratio is pro- 
bably 3, rather than a multiple of 3. Previous rather 
rough extimates!®'* of the coding ratio (which are 
admittedly very unreliable) might suggest that the 
coding ratio is not far from 6. This would imply, on 
our theory, that the alteration in FC 0 was not to one 
base, but to two bases (or, more correctly, to an even 
number of bases). - 

We have some additional evidence which suggests 
that this is unlikely. First, in our set of 126 mutants 
produced by acridine yellow (referred to earlier) 
we have four independent mutants which fall at or 
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Function 
a B 
—— A cistron ———> < Baistron—> cistron 
T T 


Fig. 5. Summary of the results with deletion 1589. The first two 
lines show that without 1589 a mutation or a deletion in the A 
cistron does not prevent the B cistron from functioning. Deletion 
1589 (line 3) also allows the B cistron to function. The other 
cases, in some of which an alteration in the A cistron prevents 
the function of the B cistron (when 1589 is also present), are 
discussed in the text. They have been labelled (a), (b), etc., for 
conveni of refi although cases (a) and (d) are not 
discussed in this paper. ,/ implies function: x implies no function 


NATURE 


P83 
ute wri wrs 
“wre 


Fig. 6. Genetic map of P 83 and its suppressors, W7' 1, etc. 

The region falls within segment B9a near the right-hand end of 

the B cistron. It is not yet known which way round the map is 
in relation to the other figures 


close to the FC 9 site. By a suitable choice of 
partners, we have been able to show that two are + 
and two are —. Secondly, we have two mutants 
(X146 and X225), produced by hydrazine™, which 
fall on or near the site FC 30. These we have been 
able to show are both of type —. 

Thus unless both acridines and hydrazine usually 
delete (or add) an even number of bases, this evidence 
supports a coding ratio of 3. However, as the action 
of these mutagens is not understood in detail, we 
eannot be certain that the coding ratio is not 6, 
although 3 seems more likely. 

We have preliminary results which show that other 
acridine mutants often revert by means of close 
suppressors, but it is too sketchy to report here. 
A tentative map of some suppressors of P 83, a 
mutant at the other end of the B cistron, in segment 
B 9a, is shown in Fig. 6. They occur within a shorter 
region than the suppressors of FC 0, covering a 
distance of about one-twentieth of the B cistron. 
The double mutant WT (2 + 5) has the r phenotype, 
as expected. 


Is the Code Degenerate? 


If the code is a triplet code, there are 64 (4 x 4 x 4) 
possible triplets. Our results suggest that it is unlikely 
that only 20 of these represent the 20 amino-acids 
and that the remaining 44 are nonsense. If this 
were the case, the region over which suppressors of 
the FC 0 family occur (perhaps a quarter of the B 
cistron) should be very much smaller than we observe, 
since a shift of frame should then, by chance, pro- 
duce a nonsense reading at a much closer distance. 
This argument depends on the size of the protein 
which we have assumed the B cistron to produce. 
We do not know this, but the length of the cistron 
suggests that the protein may contain about 200 
amino-acids. Thus the code is probably ‘degenerate’, 
that is, in general more than one triplet codes for 
each amino-acid. It is well known that if this were 
so, one could also account for the major dilemma of 
the coding problem, namely, that while the base 
composition of the DNA can be very different in 
different micro-organisms, the amino-acid composi- 
tion of their proteins only changes by a moderate 
amount'*, However, exactly how many triplets 
code amino-acids and how many have other functions 
we are unable to say. 


Future Developments 


Our theory leads to one very clear prediction. 
Suppose one could examine the amino-acid sequence 
of the ‘pseudo-wild’ protein produced by one of our 
double mutants of the (+ with —) type. Conven- 
tional theory suggests that since the gene is only 
altered in two places, only two amino-acids would 
be changed. Our theory, on the other hand, predicts 
that a string of amino-acids would be altered, covering 
the region of the polypeptide chain corresponding 
to the region on the gene between the two mutants. 
A good protein on which to test this hypothesis is 
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the lysozyme of the phage, at present being studied 
chemically by Dreyer’ and genetically by Streisin- 

At the recent Biochemical Congress at Moscow, the 
audience of Symposium I was startled by the 
announcement of Nirenberg that he and Matthaei'* 
had produced polyphenylalanine (that is, a poly- 
peptide all the residues of which are phenylalanine) 
by adding polyuridylic acid (that is, an RNA the bases 
of which are all uracil) to a cell-free system which can 
synthesize protein. This implies that a sequence of 
uracils codes for phenylalanine, and our work suggests 
that it is probably a triplet of uracils. 

It is possible by various devices, either chemical or 
enzymatic, to synthesize polyribonucleotides with 
defined or partly defined sequences. If these, too, 
will produce specific polypeptides, the coding problem 
is wide open for experimental attack, and in fact 
many laboratories, including our own, are already 
working on the problem. If the coding ratio is indeed 
3, as our results suggest, and if the code is the same 
throughout Nature, then the genetic code may well 
be solved within a year. 

We thank Dr. Alice Orgel for certain mutants and 
for the use of data from her thesis, Dr. Leslie Orgel 
for many useful discussions, and Dr. Seymour 
Benzer for supplying us with certain deletions. We 


SCIENCE AND WORLD AFFAIRS | 


Seventh Pugwash Conference on Science 

and World Affairs was held at Stowe, Vermont, 
during September 5-9. Forty-one scientists from 
twelve countries attended the Conference *. 

This Conference had as its theme “International 
Co-operation in Pure and Applied Science”. The 
previous conferences have been chiefly concerned 
with ways of preventing the misuse of science in the 
wholesale destruction of mankind. In this Conference 
at Stowe, constructive international co-operation in 
science was discussed, because it is a way to create 
trust between nations, a trust which develops from 
common interests and from experience in working 
together. 

Science misused by nations to foster their com- 
petitive interests as world powers makes possible the 
destruction of mankind. Science used co-operatively 
by all nations for the increase of human knowledge 
and the improvement of man’s productive capacity 
can give all men on Earth a satisfactory and worth- 
while life. Scientists bear a responsibility both to 
foster the constructive use of science and to help in 
preventing its destructive use. 

The deliberations of the Conference were carried 
out in plenary sessions and in meetings of working 
groups. Similar suggestions for co-operative research 

* Sir John Crawford (Australia); Prof. Hans Thirrin a 
Prof. C. Pavan (Brazil); Prof. G. Nadjakov (Bulgaria); Prof. G. 
Burkhardt (Federal Republic of Germany); Sir Edward Bullard, 
Prof, A. Haddow, Sir Ben Lockspeiser, Prof. J. Rotblat (Great Britain) ; 
Prof. F. B. Straub (Hungary); Dr. G. Bernardini (Italy); Prof. T. 
Toyoda (Japan); Prof. B. V. A. Réling (Netherlands); Academician 
A. A, Blagonravov, Academician N. N. Rogolubov, Academician M. M. 
Dubinin, f. V. M. Khvostov, Academician N. M. Sissakian, Prof. 
N. A. Talensky, Academician I. E. Tamm, Academician A. V. Topchiev 
(U.S.8.R.); Prof. Harrison Brown, Dr. William Consolazio, Prof. 
Pau! Doty, Prof. Bentley Glass, Prof. C. O’D. Iselin, Dr. Martin 
Kaplan, Prof. euntey Leake, Prof. Linus Pauling, Prof. Jay Orear, 
Prof, W. Pickering, Mr. Gerard Piel, Prof. I. Rabi, Prof. Eugene 
Rabinowitch, Dr. wr Revelle, Prof. Alexander Rich, Prof. Walter 
Rosenblith. Dr. E e Staley, Dr. Alvin Weinberg, Prof. Eugene 
Wigner, Prof. J. R. 


(United States). 
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are particularly grateful to Prof. C. F. A. Pantin fo 
allowing us to use a room in the Zoological Museum, 
Cambridge, in which the bulk of this work was done, 
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activities arose independently from different working 
groups, and this is reflected in several places in the 
statement. This is a welcome indication of the 
essential unity in science. The discussions were 
carried on in a@ spirit of friendly co-operation, and 
full agreement was reached by the entire Conference 
on the suggestions enumerated here. 


(1) Co-operation in the Earth Sciences 


The planet Earth is the common abode of all 
humans. They have a common interest, both intel- 
lectual and practical, in increasing the knowledge of 
the structure and dynamics of the Earth. 

The following proposals were made by the Confer. 
ence. 

(A) A survey of the entire ocean in three dimension. 
(1) The ocean floor. An international pro © was 
proposed to develop a detailed map of the floor of the 
world ocean, including sub-bottom reflecting layers. 

(2) Waters of the ocean. An international pro 
gramme should be devised to survey and map 
the three-dimensional distribution of temperatures, 
salinity, density, dissolved oxygen, and nutrient salts, 
under average conditions, of the ocean and synoptic 
surveys to develop the broad picture of seasonal and 
shorter-period changes in more limited areas, as well 
as the study of the interactions among the major 
bodies of water in the ocean. 

(3) Ocean life. An international survey and map- 
ping showing the major biological provinces of the 
ocean and determination of the fertility of the waters 
at ell levels in the food chain and the standing crop 
of food materials available for human use should be 
undertaken. 

(B) Earth’s crust and mantle. Deep drilling pro- 
gramme. The objective of drilling through the 
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Earth’s crust to the mantle at selected points around 
the globe presents many unsolved technical problems 
which call for international collaboration. It was 
agreed, therefore, that the calling of an international 
conference on these problems is an urgent first 
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Total environmental forecasting. An inter- 
national conference should be called to consider and 
to organize the establishment of a world-wide network 
of radio-telemetering observational buoys. This 
system of buoys would render continuous reports on 
atmospheric conditions and so contribute to the com- 
pletion of the world weather map. It would also 
continuously monitor the energy and water vapour 
energy exchange between the ocean and the atmo- 
sphere, and would observe the changes in the flow of 
ocean currents in three dimensions. Over a sufficiently 
long time-period, such a network of buoys would help 
to assign reliable values to the rate of overturn of 
the ocean as a whole, a key problem in both climato- 
logical forecasts and in the safe disposal of radioactive 
wastes at sea. The hydrographic offices of the major 
maritime nations, as well as the World Meteorological 
Organization, should be encouraged to stimulate such 
a programme. 

(D) Resources. (1) Fresh water. The rising world 
population and the increasing concentration of that 
population in metropolitan centres is already pressing 
on the water resources easily available for direct 
human consumption, for industriel purposes, and for 
agriculture. It was agreed that an international 
conference should be called to consider the organiza- 
tion of an international hydrological decade for the 
study of the many unknowns that surround this 
ominous development. 

(2) Living resources of the ocean. Acre per acre the 
oceans to-day sustain at least ss large a plant crop 
on the average as does the land, yet man now gets 
only about 1 per cent of his food requirements from 
the sea. The oceans, therefore, offer a means for the 
rapid solution of the protein deficiency afflicting 
two-thirds of the world population. It is apparent 
that these resources can best be exploited to this 
end through international co-operation. The ultimate 
aim should be to elevate the fishing industry from a 
hunting industry to an agricultural technology. 

(3) Mineral resources of the ocean floor. Recent 
investigations of the ocean floor show a vast reserve 
of minerals, especially nickel, cobalt, copper and 
manganese. By means of bottom-photography 
organized on a world-wide basis, the potentiality of 
this reserve may be more fully assessed. The necessary 
observational programme could be organized by the 
Scientific Commission for Oceanographic Research. 

(4) Natural catastrophes. Earthquakes, tsunamis, 
voleanic eruptions, hurricanes and tornadoes con- 
stitute the principal hazards of this kind. 

“With respect to the first three, a better inter- 
national seismological network, including better 
instrumentation and distribution of stations, is 
required. More detailed studies of hurricanes and 
tornadoes would reveal whether or not man can 
exert some control over these phenomena. 

To implement these programmes, it is recommended 
that in so far as possible existing international organ- 
izations be the means of furthering these programmes. 


(Il) Co-operation in Space Research 


Though the Conference felt that there should be 
close co-operation in space research it should be real- 
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ized that complete co-operation in this field, as in some 
others, will become possible only when the arms race is 
ended, international tensions are reduced, complete 
and general disarmament becomes a reality, and the 
need for secrecy disappears. But certain advances 
in the presently established co-operation in space are 
possible now, and certain others could be studied 
now with the hope of realization in the not too 
distant future. 

(A) First, an increase in the exchange of scientific 
information in areas such as the physics of space 
and the effects of the space environment on life is 
recommended. It is further recommended that 
periodic international symposia be devoted to such 
subjects. 

(B) The exchange of methods, and of information 
on instruments, for scientific space studies which 
have no military importance is also recommended. 

(C) The orderly assignment and use of radio fre- 
quencies in space should be encouraged. Strong 
support should be given to the initiative in this 
direction taken by the International Telecommunica- 
tions Union, and it is to be hoped that a final solution 
can be reached within two years. 

(D) The expansion of existing systems of satellite 
tracking stations is recommended. Bilateral agree- 
ments between different nations, including (within 
the limits of military security) ar . ‘eement between 
the United States and the U.S.S...., on the common 
use of tracking stations; such a bilateral agreement 
could serve #s the first step in this direction. 

(Z) International agreement should be reached on 
a co-ordinated programme for the use of rocket and 
satellite during the Quiet Sun Year (planned for the 
second half of 1962). 

(F) Simitar agreement should be reached on co- 
operation in the use of rockets and satellites in the 
projected world magnetic survey. This agreement 
should include arrangements for simultaneous obser- 
vation from satellites launched into different orbits 
by different nations. This co-operation could be 
organized in the framework of the Committee on 
Space Research. 

(@) The desirability of international world-wide 
systems of communications satellites and of meteoro- 
logical satellites is endorsed by the Conference, since 
these would clearly be in the interests of all mankind. 
It is realized that certain difficulties now stand in the 
way, but it is to be hoped that the Governments of 
the United States and the U.S.S.R., as well as of 
other nations embarking on rocket and satellite 
programmes, will undertake a common study of the 
ways to overcome them. 

(H) It is recommended that co-operation should 
be established in the instrumental study of the Moon, 
and also that the basic principles of the International 
Antarctic Treaty be applied to the Moon and other 
cosmic bodies. 

(I) The calling of an international conference or 
symposium to consider how to avoid the biological 
and radioactive contamination of extra-terrestrial 
bodies is strongly urged. 


(lll) Co-operation in the Life Sciences 


Among the many fields of biology in which inter- 
national co-operstion is possible, some are particularly 
well suited by their nature and importance for com- 
bined efforts. These, which relate especially to the 
promotion of human welfare, have been given primary 
concern by the Conference. 
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(A) Biological aspects of food resources. One of the 
most important problems facing humanity is that of 
assuring an adequate supply of food. Adequate 
biological information now exists to enhance con- 
siderably food production in low-yield areas. This 
can be done most effectively by the development of 
regional agricultural experiment stations, which can 
deal with the problem of developing agricultural 
methods suitable to the local terrain, as well as the 
long-term problem of breeding plants and animals 
which are able to thrive in the specific locality. 
These local agricultural experiment stations should 
be co-ordinated with an international centre. 

It is recommended that existing marine biological 
laboratories be united into an international system, 
perhaps under the International Union of Biological 
Sciences, to ensure permanent support and increase 
in number. 

(B) Preservation and promotion of health. The 
health sciences offer one of the most rewarding 
meeting grounds for international co-operation in 
science. Increased international co-operation and 
financial support are essential for the realization of 
important advances in such fields as cancer, cardio- 
vascular disease, immunology, infectious diseases, 
mental health, environmental sanitation, problems of 
ageing, nutrition, human genetics, and others. 

International institutes of health devoted to these 
problems should be established in one carefully chosen 
place to serve as a world centre of medical research. 
Smaller subsidiary institutes oriented towards more 
specialized problems or regional needs (space medicine, 
medical entomology, tropicel medicine) should be 
established in different countries. 

(C) The environment and its modification by man. 
The exponential growth of human populations and 
the accompanying industrial, agricultural and scien- 
tific activities have given rise to a number of serious 


problems, including pollution of air and water 
resources, which are of considerable biological 
importance. Especially grave are the problems 


involving contamination of air, soil and water with 
radioactive substances. Included here, as well as 
the more obvious problem of fall-out from nuclear 
explosions, there is the matter of the safe disposal of 
radioactive wastes. More international attention 
should also be directed toward the problems of 
chemical pollution of air and water. International 
conferences on these topics should be encouraged. 

The extinction of many plant and animal species 
seems possible. There are large forest and game 
reserves in the newly formed African countries which 
are seriously threatened to-day because of a shortage 
of funds and trained personnel. This problem has 
been considered by a committee on ecology in the 
International Council of Scientific Unions. A system 
of world-wide institutes should be established for 
preserving indigenous strains of plants, animals and 
micro-organisms. 

(D) ‘Endless frontiers’. There has been a great 
development recently in our understanding of the 
structure and function of biological macromolecules 
and the central role of the nucleic acids and the 
mechanism which relates the nucleic acids to the 
protein molecules. These developments have a sig- 
nificant bearing on the problems of cancer as well as 
the broader fields of molecular evolution and the 
origin of life. Intense interest in this field has 


developed among scientists in all countries, and it may 
be possible to capitalize on this enthusiasm by develop- 
ing an intercontinental institute of molecular biology. 
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Both the United States and the U.S.S.R. haye 
announced that they are planning to carry ogt 
manned exploration of space. It is not unreasonable 
to suggest that some of the biological developmentg] 
work be carried out in common. A considerable 
saving of time and money would ensue from joint 
research projects in this area. In addition, some of the 
instruments which man uses in space for his scientific 
investigations could be included in this co-operatiye 
programme. Joint precautions must be exerted to 
prevent the contamination of extra-terrestrial bodies 
by terrestrial organisms. 

At the present tinte an International Biological 
Programme is under discussion by the Internationa] 
Council of Scientific Unions. Many of the projects 
described above may be included in the Programme, 
which if carried out broadly and effectively, would 
have considerable scientific value as well as a favour. 
able impact on public opinion. 


(IV) Co-operation in the Physical Sciences 


Modern physical science has in many of its aspects 
become very big and expensive. It therefore lends 
itself particularly well to intercontinental co-operation 
in which the costs are shared and the results are 
made available to all mankind. 

Four specific areas of physical science were identi- 
fied as being ripe for vigorous action on an inter. 
continental basis. These areas are the following: 

(A) High-energy physics. Co-operation could centre 
around the establishment of a laboratory the main 
research tool of which would be an accelerator of not 
less than 300 x 10° eV. and of a design which would 
achieve success in the shortest possible time. 

(B) Controlled thermonuclear and plasma research. 
In the field of controlled thermonuclear research there 
has been much effective exchange of information and 
scientists. This development is particularly significant 
since this research, prior to 1955, was secret. It is 
urged that such collaboration be broadened; in par- 
ticular, that the world’s thermonuclear laboratories 
remain open to scientists of all nations who can 
contribute to this interesting and potentially impor- 
tant field of research. 

Although a new, very large thermonuclear device 
is probably not needed immediately, still there is a 
large field of general research in plasma physics 
which could well be advanced by the establishment 
of an intercontinental laboratory. 

(C) Ultra-heavy element chemistry. Two different 
devices are needed for such investigations: high-flux 
reactors, and heavy-ion, high-current cyclotrons. 

It is recommended that an intercontinental centre 
devoted to investigation of the properties of the 
ultra-heavy elements be established. The centre 
probably should be equipped with the most powerful 
available heavy-ion cyclotron and with equipment 
for handling the materials. The ultra high-flux 
reactor (10'* neutrons/cm.?/sec.), because of its 
hazard, probably should be located at a different, 
more isolated site. 

(D) Large-scale computers. The development of 
the large modern electronic computer with its 
enormous memory and high speeds represents one of 
the most significant scientific events of the past two 
decades. The future development of these computing 
machines, with larger memories and higher speeds by 
orders of magnitudes, would de of immense value to 
science. Such computing machines will cost perhaps 
as much as 100 x 10* dollars. 
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The development of such computers would be a 
suitable project for international co-operation. The 
utilization of such a machine will advance not only 
mathematics but also all the physical sciences and 
the biological sciences, particularly the unravelling 
of the structure of macromolecules. It would also 
find great utility in economics and other social 
sciences. 

(E) A globular cluster of big science centres. It is 
believed that the separate big science laboratories in 
high-energy physics, heavy-element chemistry, macro- 
molecular biology, health research, and possibly 
thermonuclear research, will prosper better if they 
are reasonably close together than if they are com- 
pletely isolated from each other. The intercontinental 
computing centre will be more viable and will be 
a better centre if it were the nucleus of such a 
cluster. 

The Conference urged that the intercontinental 
scientific laboratories be located in relative geograph- 
ical proximity and that they be served by the inter- 
continental computing centre. Such a centre, com- 
prising much of what is called ‘big science’, would 
represent a capital investment of about 5 x 10° 
dollars. It is believed that the astute location of 
such a striking epitome of science—the most charac- 
teristic theme of our modern civilization—could have 
extraordinarily great significance in improving the 
tone of the present political situation. 
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(V) Co-operation. in Assistance to Developing 
Nations 


Assistance to developing countries is a duty and 
necessity for ail countries. This aid should be ren- 
dered so that it would not impair the independence 
of any country. 

Greater support for international co-operation in 
assistance to developing nations is needed. Such 
co-operation could help to reduce world tensions, to 
strengthen peace, and to further disarmament. Dis- 
armament would in turn improve the climate for 
international co-operation in this and other fields and 
make available additional funds which could and 
would be used to increase the assistance to developing 
nations. Clearly, the greatest co-operation and the 
release of maximum funds for the assistance pro- 
gramme could be achieved by complete disarmament. 

Scientists have a definite part to play in the 
development of assistance programmes and special 
emphasis should be placed on this subject in sub- 
sequent conferences. Such a conference should 
inelude a large participation of representatives from 
the developing nations. 

The recommendation from the Economic and Social 
Council that a conference on science and technology 
in application to the problems of new nations should 
be held next summer in Geneva under United Nations 
sponsorship is to be welcomed. 

A subject of interest to scientists is that of natural 
resources of different areas and of their population 
trends. Unprejudiced quantitative study of the latter 
topic should be carried out on an international, 
co-operative basis. Another topic for similar co- 
operative research is world nutrition, including the 
study of reasons for widespread occurrence of avoid- 
able malnutrition in many parts of the world. The 
problems of energy supply, particularly in areas in 
which the demand for energy is diffused rather than’ 
coneentrated in large industrial centres, calls for a 
similar study. It is suggested that preliminary study 
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groups on these problems be organized prior to the 
above-mentioned conference. 

An international study should also be made of the 
advisability and practicability of establishing an 
international fund to which individual scientists from 
countries in which local funds are insufficient for this 
purpose could apply for assistance in their scientific 
research. 


(VI) Exchange of Scientists and Scientific 
Information 


By its very nature and tradition science is a 
universal enterprise. The rapid exchange of informa- 
tion, mutual visits of scientists and their working as 
guests in the laboratories of other scientists con- 
stitute the main pathways of scientific collaboration 
among scientists all over the world. It is to be noted 
that there has been substantial progress in recent 
years in the area of scientific exchange. Yet it is to 
be regretted that there exists a number of difficulties 
which interfere in major ways with the further 
broadening of scientific collaboration and exchange. 

(A) Exchange of scientists. The planned exchange 
of scientific personnel initiated by the Bronk— 
Nesmeyanov and similar agreements should be con- 
siderably increased. The visits should be extended 
over periods sufficient for the completion of research 
projects. In addition to planned exchange, the 
framework of these agreements should allow for and 
encourage invitations to scientists in the country in 
which they are to visit, and for the invited scientists 
to be able to accept such invitations. Application of 
the quid pro quo principle to visits under the agree- 
ment (that is, the exchange of one solid-state physicist 
for another solid-state physicist, etc.) has tended to 
hamper fruitful exchange, and it is urged that such 
regulations be set aside in future agreements. 

The role of Government bureaucracies in the 
administration of these agreements should be minim- 
ized. To implement this recommendation, govern- 
ments should be urged to expedite visas and passports 
for scientists, since past and present failures in this 
respect have seriously hampered scientific exchange. 
The scientific organizations of various nations should 
consider ways to facilitate the travel of pre- and 
post-doctoral fellows across national boundaries to 
study for adequate periods of time (one year or more) 
at research centres and under teachers where their 
training and scientific maturation can be best 
enhanced. 

(B) Exchange of information. Noting the obstacle 
to the exchange of scientific information presented 
by the mounting volume of current publication, which 
is increasing exponentially and doubling about every 
decade, the situation calls for radical measures of 
rationalization. Among potentially useful measures 
are the following: to review and co-ordinate the 
character and content of journals published in all 
countries with the view of reducing the number of 
journals which a scientist must follow to keep abreast 
of work in his discipline; to institute standard 
formats for the presentation of scientific papers; to 
formulate a standard system for the annotation of 
the contents of published papers suitable for coding 
and manipulation by machines for the storage and 
retrieval of information; to institute regional depots 
under international co-ordination to store complete 
experimental records and other documentation in 
support of the brief published papers; to make such 
material rapidly available to interested scientists; to 
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consolidate the abstracting services now carried on 
independently in many countries, a measure that 
could reduce present duplication of effort by a con- 
servatively estimated factor of three. 

The publication of international review journals of 
two types as follows is recommended: interdis- 
ciplinary review journals written in relatively non- 
technical language for the benefit of scientists in 
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different disciplines, and more specialized reviey 
journals which would keep scientists working in , 
given area abreast of the work going on in the same 
or related areas all over the world. 

All Governments are recommended to open their 
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postal systems to the untrammelled flow of scientific ; 


publications whatever their country of origin o- 
destination. 


LAND USE IN ARID REGIONS 


HE arid zone programme of the United Nations 

Educational, Scientific and Cultural Organiza- 
tion, one of the Organization’s three major projects, 
has yielded several valuable reviews of research and 
proceedings of symposia, mostly devoted to hydrology 
and ecology. The latest in the series, a volume of 
some 350,000 words reviewing the history of land use 
in arid regions, is of more general interest *. It deals 
with all the main dry lands with two main exceptions, 
those surrounding Abyssinia and those of South 
America in post-Columbian times. 

F. K. Hare explains the widespread aridity in sub- 
tropical latitudes in terms of the divergent wind-flow 
at low levels related to high pressure at 2-3 km., and 
considers it unlikely that any past climatic epoch 
can have been free of tropical aridity. He finds it 
inconceivable that man can significantly alter the 
régime, the energy transformations involved are on 
so large a scale. Thus the flooding of desert depres- 
sions, for example, would have only very modest 
effects on neighbouring areas. 

A summary by K. W. Butzer of what is known 
about climatic change in arid lands since the Pliocene 
sets the regional histories in a longer time perspective. 
Full aridity was achieved in most arid lands some 
15,000 years ago. Since then there has been no 
progressive desiccation, only minor fluctuations of 
climate. Of especial interest are those fluctuations 
which might possibly have affected the environment 
of man when he was first beginning to manage crops 
and animals in south-west Asia ten thousand years 
ago and in Mexico possibly not much later. 

Changes in climate over the past two or three 
thousand years are scarcely detectable with certainty 
until the fluctuation of the past three centuries. 
This has involved more than the spectacular rapid 
advance and current retreat of Alpine glaciers, for 
it is becorning clear that semi-arid lands in many parts 
of the world have been receiving less rain in recent 
decades than in the latter half of the nineteenth 
century. The dry trend continues, and the further 
outlook is unsettled. 

Prof. Dudley Stamp, the editor of the volume, 
points out that a knowledge of the climate is not 
enough to allow a reconstruction of the past vegeta- 
tion cover. The effects of burning and of a more 
prolific fauna have also to be taken into account. 
Ecologists and archeologists working together in the 
field are beginning to produce fairly reliable pictures 
of ancient landscapes, and R. O. Whyte, in his con- 
tribution on south-east Asia, sees much promise in 
this type of co-operative research. 

South-west Asia is in many ways the most impor- 
tant of the regions and at the same time it produces 
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the greatest difficulties in comprehension because of 
the mass of information available from widely 
scattered sites and conflicting interpretations of 
evidence. Whyte’s review is very stimulating but not 
at all easy to digest. Egypt is of its nature simpler, 
and the material presented by G. Hamdan will be 
more familiar to many readers. V. A. Kovda's 
survey of the Russian plains, the Caucasus and Central 
Asia (plus a few pages on irrigation in China) naturally 
lays great stress on the revolutionary effects of 
introducing socialist methods of production to the 
steppe. The scale of operations is indeed impressive, 
Kovda notes the steady increase in the frequency of 
sukhovei, dry dusty winds, but asserts that their 
effects will be mitigated by new forests and irrigation 
projects which, he says, are expected to increase 
precipitation. 

J. Despois, writing on North Africa, agrees with 
Butzer that there is no good evidence that the climate 
there was much more favourable to farming in the 
Roman period than in later times. The decline in 
agriculture can mainly be attributed to eleventb- 
century and later invasions of Bedouin Arabs from the 
east. Even their destructiveness seems to have been 
far exceeded by those other nomadic herdsmen, the 
Mongols, who descended on western Asia two cen- 
turies later. From both, recovery was slow, and in 
Cyrenaica and parts of Iraq and Iran is still incom- 

lete. 

. Nomadism is a rational response to those seasonal 
and year-to-year variations in grazing and surface 
water typical of arid regions. R. F. Logan describes 
flocks in the United States being driven in doubk- 
decker trucks to summer grazing in upland meadows 
under Forest Service permits. Everywhere some 
State control of nomadism seems to be inevitable. 
Although, as Th. Monod and Ch. Toupet note in the 
Saharan region, an irreversible process of “‘sedenter- 
ization” has set in since pacification, progress in this 
direction is likely to be too slow to satisfy administra- 
tors and conservationists. 

Innovations bring old problems. Perennial irriga- 
tion can lead to salt accumulation and waterlogging, 
as in the Punjab, and to bilharzia and other diseases. 
Improved water supplies from deep wells can accentu- 
ate overgrazing. The balance is delicate in arid lands 
and the regulating mechanism must work efficiently 
or disaster comes swiftly. This seems to be the main 
lesson to be learned from the past. 

For the future, the possibilities of industry based 
on local minerals, with space-cooling and a sunny 
climate to attract labour, are becoming apparent from 
recent developments in Arizona and Central Asis. 
The process of urbanization is not new to the arid 


‘lands, it probably began there, and may well go 


further there than anywhere else in the world. 
A. T. GROVE 
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OBITUARIES 


Dr. B. L. Goodlet, O.B.E. 


Tse death occurred on October 27 of Dr. Brian 

Laidlaw Goodlet, deputy chairman of the Brush 
Electrical Engineering Co., and, until recently, its 
nanaging director. 
: Brian ‘Goodlet was born in St. Petersburg in 1903 
of British parents who had settled in Russia in the 
service of the Government, and was educated at the 
Imperial School in St. Petersburg. He escaped from 
Russia during the Revolution and received his further 
training with Vickers, Ltd., and Metropolitan- 
Vickers, first at the Attercliffe Works, Sheffield, 
studying in the Applied Science Department of the 
University of Sheffield, where he gained the associate- 
ship in electrical engineering. and then as a special 
trainee in the Trafford Park Works. In 1924 he was 
appointed to the staff in charge of the first High- 
voltage Laboratory, and there he introduced to the 
Company high-frequency and impulse voltage testing 
of electrical products, and made important con- 
tributions to the study of transmission and bushing 
insulators, during which time he designed the second 
High-voltage Laboratory equipped for a million volts. 
He also designed the very small high-voltage generator 
which the Metropolitan-Vickers Co. gave to the 
Cavendish Laboratory to assist me in the first 
attempts to accelerate particles to very high energy 
for transmutation experiments, and then designed 
the special high-voltage transformer of extremely 
small dimensions which was used by Cockcroft and 
Walton in their 1932 experiments. There were no 
other high-voltage transformers in those days which 
could have fitted into the small rooms of the Caven- 
dish Laboratory, and we owe Goodlet a great debt 
for these expert designs: without them Britain might 
not have been ahoad of the large American labor- 
atories. 

It was through his contacts with the Cavendish 
Laboratory that he decided to take the Engineering 
Tripos in Cambridge, leaving Manchester at the age 
of twenty-seven with a generous grant from the 
Company. On his return to Trafford Park he made 
a detailed study of oxtra high-voltage turbo- 
alternators, and also wrote his classic paper on 
lightning. 

In 1937 Goodlet was appointed to the chair of 
electrical engineering in Cape Town, but he returned to 
Britain in 1939 to take up the chair in Birmingham. 
He offered his services to the Admiralty, but, because 
of his former connexion with Russia, he was not 
accepted; so he applied to return to the still vacant 
chair in South Africa, where he immediately joined 
the South African naval work on the degaussing of 
ships in Cape Town Harbour, ultimately gaining the 
rank of commander in the South African Navy. 
After a short time he was sent to England to work 
with the British Admiralty as chief scientist at 
Rosyth, where he made distinguished contributions 
to work on underwater explosions, before joining the 
Far East Naval Task Force in Ceylon under Lord 
Mountbatten. He was made O.B.E. for his war 
services. In 1946 he returned to Cape Town, where 
he built up a vigorous electrical engineering depart- 
ment with almost pitiable funds, gathering around 
him several engineers from the Metropolitan-Vickers 
Co. and starting a lively research school; but this 


had scarcely begun to bear fruit when he returned to 
England again in 1950, this time as deputy chief 
engineer of the Atomic Energy Establishment at 
Harwell. His text-book on basic electrotechnics— 
the result of his post-war work in South Africa—has 
become well established in British universities for 
second- and third-year honours engineering students. 

Goodlet began in Harwell with a small team, 
including Mr. R. V. Moore, to investigate in detail 
the feasibility of a power-producing nuclear reactor 
system, referred to as Pippa, using natural uranium. 
The team selected graphite as moderator, carbon 
dioxide as coolant gas and a vertical arrangement of 
fuel rods, and by 1952 all the main features of the 
design had been established: it was then handed 
over to the Production Division to produce Calder 
Hall. It is a tribute to Goodlet’s engineering judg- 
ment that no major changes of design were necessary. 
(His paper, ‘“‘Nuclear Reactors for Power Generation’’, 
to the Institution of Mechanical Engineers, was 
awarded the Thomas Hawksley Gold Medal.) 

During 1952-56 he was the chairman of the Naval 
Education Advisory Committee of the Admiralty: 
the Director of the Naval Education Service advises 
me that he made an ideal chairman and was greatly 
respected by his colleagues. During Goodlet’s period 
of office, the Committee advised on a number of 
important matters. including cadet entry into the 
Royal Navy, officer training, the technical training 
of junior ratings, the conditions of service of civilian 
teaching staff at the Royal Naval Colleges, the 
rehabilitation of the Dockyard Technical Colleges and 
the organization of facilities for informing the Service 
of modern developments in science and technology. 
His untiring interest and wise counsel in all aspects 
of naval education were of the utmost value to the 
Director of the Naval Education Service. 

By 1956, Goodlet felt that his work at the Atomic 
Energy Research Establishment was finished, and he 
joined the Brush Electrical Co., Loughborough, as 
chief engineer and director, later becoming its 
managing director. Mr. G. B. R. Feilden tells me 
that Goodlet was confronted by a series of major 
breakdowns of 30-MW. double-rotation turbines 
which had been designed before Goodlet joined the 
Company. The breakdowns were caused by vibration, 
and the solution to the problem required the evolu- 
tion of entirely new measuring techniques: Goodlet 
was responsible for solving this problem, which was 
fortunately achieved successfully, largely due to his 
own perseverance, shortly before his death. He sub- 
mitted his published work to Cambridge and was 
awarded the Sc.D. in 1958. 

Perseverance and thoroughness characterized all 
his work: like the great American engineer, Charles 
Proteus Steinmetz, he was never satisfied until he 
understood the fundamentals of any problem which 
confronted him, and he was fondly nicknamed ‘Prot’ 
by his closest friends because of this similarity. He 
invariably wrote out the basic facts and deduced the 
solution in beautiful handwriting, and his notebooks 
were a joy to peruse. His perseverance was equally 
manifest in his hobbies, and he enjoyed going up 
Table Mountain the hardest way. He was extremely 
interested in militery strategy and it was fascinating 
to hear him quote Napoleon’s campaigns; he even 
wrote a mathematical paper on the ballistics of 
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weapons used in classical times. I was present when 
Rutherford, returning from the British Association 
meeting in South Africa, recited the exploits of 
Cetywayo; Goodlet, to Rutherford’s great delight, 
continued the story with intimate details of the part 
played by the Zulu’s lieutenants. 

Goodlet is survived by a widow, two sons, and two 
daughters. T. E. ALLIBONE 


Dr. A. K. Das 


Inp14 lost a meteorologist of note and a leading 
astronomer of this century with the death on 
February 18, 1961, of Anil Kumar Das. He was best 
known for his work at Kodaikanal Astrophysical 
Observatory, of which he was the head for fourteen 
years. At the time of his death, however, he was 
acting temporarily as director of the Nazamiah 
Observatory, Hyderabad, and as professor of astro- 
nomy at Osmania University. But although best 
known for his astrophysical researches, Dr. Das 
published a number of papers on purely meteoro- 
logical topics, mainly during the early part of his 
thirty-years service in the India Meteorological 
Department. 
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After completing his education to postgraduate 
level in India, Das continued his studies in Paris 
under Fabry and later also worked with Max Bom 
and Augenheister. He returned to India in 1930 to 
commence his meteorological work, but in 1934 he 
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went to England to study the temperature of th } 


Sun by spectro-photographic means at the Solar 
Physics Observatory, Cambridge. This virtually 
marks the beginning of his career in astronomy. His 
many papers on solar physics thereafter appeared at 
regular intervals almost up to the date of his 
death. 

Das had the intuitive foresight, great energy and 
determination of the great research worker, but he 
was also an administrator of considerable ability. 
Indeed, his greatest achievements prebably lie in the 
improvements he introduced at Kodaikanal, by the 
installation of new equipment and the initiation of 
new fields of research. Largely thanks to Das, this 
Observatory is now carrying out researches and 
making observations, using the finest equipment, in 
many branches of geophysics and solar physics. It 
is a pity that he could not live long enough to fulfil 
his last ambition to work with his new instruments 
during the last years of his life. 


NEWS and VIEWS 


Botany in University College, Dublin : 
Prof. J. Doyle 


Pror. JosepH Doy Le has retired from the chair of 
botany in University College, Dublin, after nearly 
fifty years service. He entered the College on 
a mathematical scholarship; later he became 
interested in biology through the pathway of 
medicine. Following a period of postgraduate 
research, part of which was spent in Germany, he 
was appointed assistant in biology in 1913; at this 
time, he and two others comprised the staff of the 
Biology Department. In 1924 he was appointed 
professor of botany, and undertook the development 
of the first Department of Botany in the College. His 
main research interest is represented by a long series of 
papers on conifer embryology, on which subject he is 
internationally recognized as an authority. He was 
awarded the Boyle Medal of the Royal Dublin Society 
in recognition of this work. The degree of D.Sc. was 
conferred on him in 1930. At the Dublin meeting of 
the British Association for the Advancement of 
Seience in 1957, he was president of Section K 
(Botany). In addition to developing the Department 
of Botany, Prof. Doyle rendered distinguished ad- 
ministrative service to his College. As dean of the 
Faculty of Science he showed considerable organizing 
power; for many years he was a member of the 
Governing Body of the College and of its Finance 
Committee. He has helped greatly in furthering the 
scientific and cultural life of Dublin. He is a member 
of the Council of the Royal Dublin Society, secretary 
of the Royal Irish Academy, chairman of the Praegar 
Committee for Field Natural History, and 2 trustee 
of the National Library of Ireland. Recently he has 
been actively engaged in planning new Science 
Buildings for University College, Dublin. His many 
interests will ensure for him rewarding occupation in 
his retirement. 


Prof. Phyllis M. Clinch 


Dr. Puyturs M. Crrvcn has been appointed to 
succeed Prof. J. Doyle. Dr. Clinch, in fact, majored 
in chemistry in University College, Dublin, with 
first-class honours and first place at her primary 
degree, but, botany being her second subject, she 
took an immediate interest in plant biochemistry 
and her earlier research was done in the Department 
of Botany on problems of seasonal metabolic changes 
in conifers. In this and in all her subsequent work 
her early intensive training in basic chemistry proved 
a most valuable asset. After a period of study under 
Prof. V. H. Blackman in the Imperial College and 
Prof. Guilliermond in Paris, she was appointed senior 
research assistant in plant virus diseases in the 
Department of Plant Pathology, University College, 
Dublin. Here she played a major part in the team 
that produced so much important work on plant 
viruses, especially the analyses of viruses affecting 
the potato plent. The value of the work from this 
Irish School is too well known to need comment here; 
suffice it to say that Dr. Clinch’s share in it has 
gained her a well-merited international reputation in 
the plant virus world. In 1950 she accepted an 
invitation to join the staff of the Botany Department, 
University College, as senior lecturer with the primary 
purpose of developing courses and research in plant 
biochemistry and physiology along modern lines. The 
very successful organization of this entailed, unfor- 
tunately, a temporary break in her work on viruses. 
The break, however, was only temporary, and in 
recent years she has initiated a programme of research 
into the biochemical and physiological effects of virus 
infection on the metabolism of the infected plants 
themselves. It is to be hoped that the administrative 
and other duties which will now naturally fall on 
her as head of a department will not unduly hamper 
progress in this promising line of research. 
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Control of Government Expenditure on Research 
and Development 


[Ix opening a debate on November 30 when the 
House of Commons was asked to take note of the 
First, Second and Third Reports from the Committee 
of Public Accounts in the Session 1960-61 and of 
the Special Report from that Committee, Mr. H. 
Wilson referred to the centenary of the establish- 
ment of the Committee in April 1861 and to the 
stealy development of its work. The debate covered 
a fairly wide field, but the two chief points of 
scientific interest are to be found in the reply of 
the Financial Secretary to the Treasury, Sir Edward 
Boyle. Sir Edward, referring to research and 
development practice, endorsed the Treasury Minute 
that it is Government practice to rely largely 
on private industry when it is a matter of design 
studies for complicated new weapons and equipment, 
subject to the checks which Government establish- 
ments can operate, and that research, development 
and production are integral parts of a continuous 
process to which the Ministry of Aviation’s research 
establishments contribute by virtue of their special- 
ized knowledge and facilities. Sir Edward also said 
that the major part of the Atomic Energy Authority’s 
net cost of operations—nearly £60 million in 1959-60 
—represents research and development effort in both 
the civil and military fields, and to publish the civil 
figures alone would make it easy to estimate the level 
of military research. Decisions on all matters con- 
cerned with the disclosure of information are taken 
after regular periodical reviews, and the importance 
of this issue to the Public Accounts Committee 
was realized. In principle, the Authority hoped to 
recover its research and development expenditure on 
civil reactor systems. 
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Medical Men in Britain 


In a debate in the House ef Lords on November 29 
on the shortage of medical men, Lord Taylor stressed 
the difficulty which non-teaching hospitals in Britain 
are experiencing in filling appointments. In replying 
for the Government, Lord Newton said that after 
reviewing the data and calculations of the Willink 
report, the Government is satisfied that the pros- 
pective demand for medical services will justify a rise 
in the university intake of pre-clinical students from 
Great Britain of 10 per cent above the 1,760 recom- 
mended by the Willink Committee. The intake in 
July 1961 was 1,788. The University Grants Com- 
mittee has been asked to consider with the univer- 
sities the implications of the Government's conclusion. 
Steps are being taken to improve the statistical 
information so far as reasonably possible. Lord 
Newton said that the Government intends to watch 
the figures constantly, including those of output from 
the medical schools, rather than attempt to make firm 
estimates at wide intervals of time. Lord Taylor 
had asserted that the shortage is now showing itself 
in the teaching hospitals also, and that the hospital 
service in Britain would have collapsed but for the 
influx of some 3,000—4,000 junior doctors from India 
and Pakistan. Lord Newton admitted that in March 
1960 more than one-third of the posts in the middle 
and lower grades were occupied by doctors born 
outside Britain, but he emphasized the value of these 
doctors and the debt to their services. He said that 
in 1960 the average number of patients on a doctor’s 
list was 2,287, about 150 fewer than it was in 1952, 
and that the improvement of the distribution of 
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doctors was of special concern to the Medical Practices 
Committee constituted under the National Health 
Service Act. 


Accelerators for Low-energy Nuclear Physics 


RECENT advances in the theoretical description of 
the atomic nucleus, together with recent design 
improvements in cyclotrons and Van de Graaff 
accelerators, have stimulated a special U.S. National 
Science Foundation programme for establishing and 
improving low-energy nuclear physics research 
facilities. The theoretical advances have resulted in 
a need for refined measurements of energy-levels, 
spin assignments, and other characteristics of the 
nucleus so that the synthesis of present theoretical 
models can be further advanced. Many of these 
refined measurements are now possible through 
extension of the range of Van de Graaff accelerators 
giving particles with energies of up to 20 MeV., and 
improvements in cyclotron design te permit well-con- 
trolled beams up to 40 MeV. Until about five years 
ago Van de Graaff accelerators were restricted to 
energies less than 8 MeV. Recently, the Foundation 
has made a group of six grants, totalling 4,161,500 
dollars, in furtherance of the new programme. These 
six accelerators are expected to play an important 
part in the netion’s effort in nuclear structure physics. 
Grants made so far in this special programme are as 
follows: University of Chicago, 296,700 dollars for a 
4-MeV. Van de Graaff machine to be used by Dr. 8S. K. 
Allison and his Group; Michigan State University. 
700,000 dollars toward a 40-MeV. cyclotron for the 
use of Dr. Henry G. Blosser’s research team; Univer- 
sity of Pittsburgh, 977,600 dollars toward an 18-MeV. 
three-stage Van de Graaff machine for research under 
the direction of Dr. Bernard L. Cohen; University of 
Washington (Seattle), 1,240,000 dollars toward a 
22-MeV. three-stage Van de Graaff machine for 
the Physics Department, of which Dr. Ronald 
Geballe is executive officer; Ohio State University. 
499,200 dollars for a 5-5-MeV. Van de Graaff machine 
for the Department of Dr. H. H. Nielsen; State 
University of Iowa (Iowa City), 498,000 dollars for a 
5-5-MeV. Van de Graaff machine for the Department 
under Dr. James A. Van Allen. 


The Royal Commission for the Exhibition of 185! 


THE eleventh report of the Commissioners for the 
Exhibition of 1851 covers the activities of the Royal 
Commission since its tenth report was issued in May 
1951 (Pp. 32. (Cmnd. 1502.) London: H.M.S.O.. 
1961. 2s. 6d. net). The general pattern of the Science 
Research Scholarships has remained unchanged, but 
the list of universities invited to participate has been 
extended and the value of the awards increased to 
£550 a year for Overseas Scholars and £800 a year 
for senior students, exclusive of allowances. In 1958 
the National Research Council of Canada offered to 
each 1851 Scholar from Canada a bonus of £250 a 
year from its own funds, which has been particularly 
useful to married Scholars. Similar arrangements 
have been made, with various qualifications, by 
authorities in Australia, South Africa, India, Pakistan 
and New Zealand. Since 1952 the Commission has 
co-operated with the Council of the Royal Society in 
the administration of the Rutherford Scholarship. 
The value of the Postgraduate Scholarship in Naval 
Architecture was in 1958 increased to £600 a year. 
In view of the re-allocation of so much of the property 
on the Kensington Gore Estate in 1956, it was agreed 
with the Imperial College of Science and Technology 
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and Government departments concerned to arrange 
a new lease to the College for 999 years from mid- 
summer 1956 at a rental commencing at £5,000 and 
rising over ten years to £25,000 a year. 

The Commission’s office at 1 Lowther Gardens 
provides accommodation also for the London head- 
quarters of the British School at Rome, to which the 
Commission now contributes £8,000 a year, and for 
the Institute of Physics and the Physical Society. 
Of the expenditure of £324,759 during the ten years 
January 1, 1951—December 31, 1960, £244,822 was 
on direct educational grants. A new Record of the 
Science Research Scholars of the Royal Commission for 
the Exhibition of 1851, 1891-1960, has now been com- 
piled, and it may be noted that of the 905 Scholars, 
99, including 34 from overseas, became Fellows of 
the Royal Society, of which two were elected presi- 
dent, eight won Nobel Prizes (Pp. iv+107. London: 
Royal Commission for the Exhibition of 1851, 1961. 
12s. 6d.). The Record lists separately Science Research 
Scholars appointed during 1891-1921, Overseas 
Scholars appointed since 1922 and Senior Students 
appointed since 1922. There are indexes to Scholars 
and to the Institutions from which they came. 


Experimental Eye Research 

THE scientific literature on the eye and vision is 
dispersed in journals representing many different 
disciplines, and visual scientists have for long deplored 
the fact that they had no journal of their own. Now 
they are to have at least two. For the appearance 
last June of Vision Revearch (Pergamon Press) (see 
Nature, 191, 650; 1961) is followed by the present 
debut of Haperimental Eye Research (Academic 
Press). Congratulations are due to Academic Press 
for the fine quality of Experimental Eye Research, 
the first number of which appeared in September (1. 
No. 1; September 1961. Pp. 97. Published quarterly. 
Vol. 1, approx. 400 pages. (London: Academic Press, 
Inc. (London), Ltd.; New York: Academic Press, 
Inc., 1961). 115s8.; 16 dollars). The object of this 
quarterly journal is the publication (in English) of 
original papers on the anatomy. physiology, bio- 
chemistry and biophysics of the eye. ‘Contributions 
on such subjects as the production and circulation of 
ocular fluids, the fine structure, biochemistry, bio- 
physics and metabolism of the eye tissues, the photo- 
chemical processes related to visual function, and the 
neuromuscular mechanisms in the control of eye 
movements will be preferred.’’ The editors-in-chief 
are Dr. E. A. Balazs, of Harvard Medical School, and 
Dr. Hugh Davson, of University College, London. 
They are supported by a group of leading workers 
forming an editorial board of five and an advisory 
board of nine. A study of the first issue reveals a 
high standard of editorial policy and also confirms 
the initial impression that the main interests of the 
publication are the minute anatomy and vegetative 
physiology of the eye. Since the interests of the 
‘rival’ publication, Vision Research, are centred more 
on the physiology of vision, there is Jess overlap in 
the scopes of the two journals than might appear. 


Engineering and Television 

Two publications of the British Broadcasting Cor- 
poration issued to mark the twenty-fifth anniversary 
of B.B.C. Television direct particular attention to 
the work done by its engineering division during the 
period under review. The first, Twenty-five Years of 
B.B.C. Television, is one of its periodic Monographs, 
and has been prepared by one of the original members 
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of the B.B.C., Sir Harold Bishop, now director of 


engineering (No. 39. Pp. 41 (14 plates). London: 
British Broadcasting Corporation, 1961. 5s.). After 
a survey of the events and developments which led 
to the start of the B.B.C.’s high-definition television 
service, the monograph describes the main engineering 
developments during the past quarter of a century, 
Particular attention is directed to those techniques 
which have been originated by the B.B.C., or which 
are utilized in a specially noteworthy manner in the 
services of the B.B.C. There is also a brief review of 
the B.B.C.’s contributions to probable future develop. 
ments, including colour television and a change of 
standards. The second publication, B.B.C. Tele. 
vision: a British Engineering Achievement, is written 
in a more popular style, and gives a narrative account 
of how television works, the early growth of the 
services and what engineering services and techniques 
are involved to bring television into the home. The 
brochure is well written, with good illustrations and, 
like so many B.B.C. publications, is remarkably 
cheap (Second edition, revised. Published on the 
25th Anniversary of B.B.C. Television. Pp. 64. 
London: British Broadcasting Corporation, 1961. 
3s. 6d.'. It should find its way to bookstalls as well 
as libraries in schools and other places. 


Astronomical and Nautical Almanacs 


Two ephemerides have recently been published for 
the year 1962, one by the U.S. Government and the 
other by the Indian Government. The American 
Ephemeris and Nautical Almanac is unchanged with 
regard to the presentation of material (Pp. vii+514, 
Washington, D.C.: Government Printing Office, 
1960. 4 dollars). The Indian Ephemeris and Nautical 
Almanac (Pp. xxviii+460. Delhi: Manager of Pub- 
lications, 1961. Rs. 14.00; 22s.) is closely similar to 
the American Ephemeris, though more restricted in 
scope, but in addition contains a section on the 
Indian Calendar. The 1962 edition contains four new 
sections: (1) ephemeris for physical observations of 
the Sun; (2) ephemeris for physical observations of 
the Moon; (3) centre of mass of the solar system; 
and (4) local circumstances of occultations of bright 
stars and planets visible in India. 


Technical Publications of the Oak Ridge National 
Laboratory 


Tue publication ORNL 61-6-27 contains a list of 
papers published in journals and presented at meet- 
ings, reports issued, and theses completed, during 
1960, by the members of the staff of the Oak Ridge 
National Laboratory, Oak Ridge, Tennessee (Pp. 
v+107. Oak Ridge, Tennessee: Oak Ridge National 
Laboratory, 1961). Reprints of many of the articles 
can be obtained on request either from the Labor- 
atory. or of papers presented at scientific meetings 
from the authors concerned. There is an author index, 
and the various articles are grouped within the 
sections according to subject, biology, chemistry, 
physies, ete. The prices of the ORNL reports are 
given, and the reports, except those indicated as ‘not 
for sale’, can be obtained through the Office of 
Technical Services, Department of Commerce, Wash- 
ington 25, D.C. 


National Conference of Standards Laboratories 


To help meet the needs of science and industry for 
improved uniformity and greater precision in cali- 
bration and measurements in al! areas of the physical 
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sciences, engineering and technology, a new organ- 
ization—-the National Conference of Standards Labor- 
atories—was established on September 15, 1961, by 
representatives concerned with standards activities 
in Government, industry, education, and professional 
societies of the United States. A major activity of the 
National Conference will be to arrange a continuing 
series of standards laboratory conferences. The 
(eneral Committee, headed by Lloyd B. Wilson, of the 
Sperry Gyroscope Co., has arranged for the first con- 
ference in this series to be held during August 1962 at 
the National Bureau of Standards Boulder Labora- 
tories, Boulder, Colorado. Another major activity 
being considered is the establishment of a voluntary 
system of measurement agreement checks to demons- 
trate competence and continued uniformity among 
standards laboratories. Further information can be 
obtained from Dr. H. W. Lance, Electronics Calibra- 
tion Center, Boulder Laboratories, National Bureau 
of Standards, Boulder, Colorado. 


Conference on Measurement and Control Tech- 
nology 

Tue Society of Instrument Technology and the 
Royal Dutch Institute of Engineers are organizing a 
joint conference to be held during April 10-13, 1962, in 
Amsterdam. The programme is being arranged to 
encourage discussion and exchange of information on 
tho present state and future trends of measurement 
and control technology in Britain and Holland. Six 
technical papers will be presented and discussed 
covering new measurement methods such as direct 
reading spectrography, X-ray fluorescence chromato- 
graphy and optical measuring techniques, descrip- 
tions of working automation projects in the biscuit 
industry and sinking mine shafts, and concrol in 
manufacturing industry. While most of the places 
will be reserved for members of the Society of 
Instrument Technology, it may be possible to enter- 
tain a few applications from non-members. Further 
information can be obtained from Mr. I. V. Idelson, 
Mullard Equipment, Ltd.. Manor Royal, Crawley, 
Sussex. 


University News : Birmingham 


Tue following appointments have recently been 
announced: Dr. J. S. Brimacombe, to be lecturer in the 
Department of Chemistry; Dr. D. E. N. Davies, to 
be lecturer in the Department of Electrical Engineer- 
ing; Dr. F. Rieband, to be lecturer in the Department 
of Mechanical Engineering; E. D. R. Shearman, to be 
senior lecturer in electromagnetism in the Department 
of Electrical Engineering. 


Leeds 


In a statement to a meeting of the Court of the 
University of Leeds on November 15, when the 
annual report was presented, the vice-chancellor, Sir 
Charles Morris, referring to the increase in the number 
of students by 1,400 in five years, said that in the 
past year it had increased by 386 to 5,175, and it was 
probable that this order of increase would continue 
during the forthcoming quinquennium and that the 
student population in 1966 would be 6,900. The 
building programme was based on &n increase of this 
order, but there was some risk that the provision of 
residential accommodation might seriously fall behind 
needs in the immediate future. The vice-chancellor 
also referred at some length to the new courses which 
the University was offering leading to an honours 
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degree covering study in depth in two of the tradi- 
tional subjects. These courses were meeting with 
immediate response, and twenty-one students were 
expected to graduate this year in the ‘combined’ 
courses in arts, the most popular combinations so far 
being economies and history, English and history. 
geography and history. and psychology and sociology. 
The Science Faculty was starting such courses next 
October and a director of combined studies was being 
appointed to guide the students following these 
courses and advise on combinations of subjects. 
While he did not think the ‘special honours’ courses 
would disappear or lose prestige, he thought it would 
be increasingly accepted that at the standard of first 
degree at honours-level, two subjects could effectively 
be studied together in depth. 


Sussex 


Tue following appointments have been made: 
Dr. D. B. Scott, at present reader in mathematics at 
King’s College, London, to be professor of mathe- 
matics; Dr. E. R. A. Peeling, at present senior 
lecturer in chemistry in the University of Leicester, 
to be senior lecturer in chemistry. 


Announcements 


Str Harry MELVILLE, secretary of the Department 
of Scientific and Industrial Research, has been made 
a member of the Council for Scientific and Industrial 
Research in recognition of his ‘‘notable services to 
D.S.1I.R.”. The appointment is personal to Sir Harry 
and does not mean that future secretaries of the 
Department of Scientific and Industrial Research will 
automatically become members of the Research 
Council. 


A symposium on the “Methodology of Plant Eco- 
Physiology”’ will be held in the Botanical Institute. 
5 rue Auguste Broussonnet, Montpellier, France. 
during April 7-12, 1962. Further information can be 
obtained from Dr. F. E. Eckardt, Institut de 
Botanique, Montpellier, France. 


THE Department of Physics and Astronomy of the 
Ohio State University is organizing a symposium on 
“Molecular Structure and Spectroscopy’’, which is to 
be held in the University during June 11-15. Further 
information can be obtained from Prof. R. A. Oetjen. 
Department of Physics and Astronomy, Ohio State 
University, 174 West 18th Avenue, Columbus 10, 
Ohio. 


DveE to a change in date of the meeting of the 
International Pharmaceutical Federation, which will 
be held in Vienna during September 1-24, 1962, the 
third British Congress on the History of Medicine 
and Pharmacy will be held in London during Sep- 
tember 27-28, 1962. The subject of the Congress will 
be “The History of British Hospitals”. Further 
information can be obtained from Dr. F. N. L. 
Poynter, Wellcome Historical Medical Library. 
Euston Road, London, N.W.1. 


Erratum: We regret to find that, in the article 
entitled “‘Action of Radiation on Synthesis of Deoxy- 
ribonucleic Acid in Normal and Tumour Strain Cells” 
(Nature, December 9, p. 944), a line has been omitted 
and another duplicated. In column 2, p. 944, lines 
15 and 16 should read: “ .. . a decrease from the 
consequent depletion of the cell population. However, 
as Painter and ...”’ The present line 16 is a repetition 
of line 13. 
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INTERPRETATION OF GEOPHYSICAL SURVEYS 


ECENT improvements in geophysical instruments 

have not simplified interpretation of the data 
obtained by using them. Indeed, their greater speed 
and higher accuracy increase the data to be analysed 
and foster attempts to interpret in finer detail. 
Assessment of factors controlling the reasonable 
limits of interpretation was the main aim of a Geo- 
physical Discussion of the Royal Astronomical 
Society, held in association with, and at the rooms of, 
the Geological Society on October 27. Introducing 
the four invited speakers, the chairman, Dr. W. 
Bullerwell (Geological Survey), remarked that geo- 
physical interpretation is usually tested by subse- 
quent geological exploration; thus it was appropriate 
that discussion about interpretation should take place 
among geologists and benefit from their comment. 

In opening the discussion, Prof. J. M. Bruckshaw 
(Imperial College of Science and. Technology, London) 
reviewed the treatment of gravity and magnetic 
survey data, where interpretations aim to deduce 
sub-surface mass distributions accounting for observed 
surface fields. Fundamental difficulties are ambiguity 
and lack of resolution. Ambiguity reflects dependence 
of the gravity anomaly on several factors, including 
form, size, depth and density contrast. When all 
these factors concernirg a buried mass are known, 
it is possible to predict uniquely the effect on gravity 
at any point on the surface; but when interpreting a 
gravity profile recorded in a new area, the factors 
cannot be evaluated individually, and possible permu- 
tations allow many solutions consistent with the 
profile. Only geological control can limit the inherent 
ambiguities. Lack of resolution was illustrated by 
indicating that the interpreter cannot distinguish a 
point mass from a cube or sphere, since all produce 
similar gravity profiles. Depth to centre, however, 
can be computed with reasonable accuracy and an 
estimate of size is obtuinable from the maximum of 
the anomaly, though it depends in turn on an estimate 
of density contrast. 

Various numerical methods of analysis have been 
proposed, but Prof. Bruckshaw stressed that mathe- 
matical transformations cannot overcome limitations 
inherent in the original data, while subjective bias 
may be introduced in the process. As a preliminary 
step, it is usual to isojate local anomalies thought 
to represent shallow geological structures by removing 
a regional background corresponding to smooth 
average variations. Only rarely, however, can the 
regional be assigned geological significance, and the 
smoothed form assumed varies between different 
interpreters. Attention has been given to the second 
vertical derivative of gravity following claims of 
higher resolution from a fourth-power relation with 
depth as compared with the normal square law, and 
correspondence between zero contours of second 
derivative and vertical density boundaries. Unfortun- 
utely, precise evaluation of second derivatives requires 
continuous information whereas field observations 
are made at a series of discrete points. One process 
of analysis depends on the subjective drawing of 
smooth curves through available points. Alterna- 
tively, an interpolation formula may be applied, but 
developed formule give different solutions depending 


on size and form of primary grid. Final stages 
depend on comparisons with model curves, and it ig 
important to derive these using the same grid. [y 
reconnaissance of new areas, such methods are rarely 
warranted. No amount of mathematical analysis 
can remedy insufficient geological control, and if only 
geophysical data are available, interpretation always 
remains ambiguous. This was demonstrated recently 
in an example published by P. E. Jacobsen, of the 
Creole Petroleum Co., showing differences between 
two independent interpretations of a magnetic survey 
in eastern Venezuela. However, if good geological 
control is available and physical properties of the 
geological formations have been extensively studied, 
as in parts of England, some difficulties can be resolved 
and confident estimates advanced. 

Dr. M. H. P. Bott (University of Durham) agreed 
that gravity and magnetic data are ambiguous, but 
felt that useful conclusions can generally be salvaged 
from the sea of uncertainty by applying simplifying 
assumptions legitimately drawn from _ geological 
knowledge of similar environments. The practical 
limit of interpretation is frequently determined by 
how far such reasonable assumptions permit assess. 
ment of background and isoletion of the interesting 
anomaly from other disturbances. Once the anomaly 
has been isolated, total mass can be accurately 
evaluated by areal integration of the gravity contours. 
Russian work, recently developed further by Dr. R. A. 
Smith, shows that if only a few conditions ar 
satisfied a unique solution may be possible. As an 
example, if an anomaly arises at a single interface 
across which the density contrast is constant and 
known, then the shape of the interface can be inter. 
preted directly. Usually the limiting conditions ar 


not accurately known but can be expected to lie | 
within a certain range, and this information permits | 


use of an uncertainty principle through the inequality 
theorems of Bullard and Cooper, later extended by 
Bott and Smith. Minimum and maximum values for 
depth to the source of the anomaly can be obtained. 
Limiting depth estimates can be derived also from 
second and third horizontal derivatives of the gravity 
anomaly, through formule of Dr. R. A. Smith relating 
maximum derivative and maximum depth. The 
limiting case, corresponding to a symmetrical trun 
cated wedge-shaped body with each edge contributing 
equally to the derivative, can be modified for the 
situation where one edge is distant from the point of 
observation, as for measurements at the margin of an 
extensive body. Dr. Bott showed how, using this 
method, he had analysed profiles across the margin 
of the Weardale anomaly for an estimate of depth to 
the top surface of the postulated Weardale granite, 
afterwards proved (at a depth of 1,281 ft.) in a deep 
borehole at Rookhope, Co. Durham. Using maxims 
in second and third horizontal derivatives calculated 
from closely spaced observations by gravity meter 
and assuming density contrast of 0-2 gm./em/, 
analysis had shown that the top of the postulated 
granite must lie at less than 3,500 ft. beneath Wear- 
dale. It is difficult to measure gradient maxim 
sufficiently accurately with a gravity meter, since @ 
average over a base-line and not a point-value ® 
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observed. Dr. Bott believes that the torsion-balance, 
little used recently, might be used advantage- 
a methods often prove satisfactory for decid- 
ing between alternative geological possibilities, as in 
distinguishing gravity lows over sedimentary basins 
from those due to granites. In the former case the 
boundaries of the lighter sediments slope in towards 
the centre of the anomaly, whereas the granite margins 
slope out at depth. Different amplitude ratios between 
derivative maximum and minimum flanking the 
anomaly are detectable, and contrasting results from 
gravity traverses crossing the margins of the Cheshire 
Basin and the Dartmoor Granite were displayed. 
Finally, useful results can be derived from compari- 
sons with models, since modern digital computers will 
check quite speedily whether a postulated geological 
structure would produce the profile observed or 
whether marked divergences necessitate a new hypo- 
thesis. Dr. Bott concluded by saying that, applied 
to analyse magnetic data, these methods encounter 
added difficulties due to variations in direction of 
permanent magnetization. 

Mr. G. Tait (Iraq Petroleum Co.) contributed a 
paper outlining the geophysicist’s. views on inter- 
pretation of seismic surveys. He remarked that recent 
instrumental developments aim at producing a yreatly 
simplified presentation of results in the hope that by 
transforming a series of impulses into a variable 
density profile the main features of the geological 
structure may be comprehended at a glance. No 
method of presentation, however, alters the fact that 
the behaviour of the seismic wave depends on elastic 
constants in the rock formations concerned, and 
progress or difficulties in interpretation relate to 
whether and where variations in these constants occur. 
It is not always possible to predict from lithology, 
for seismic velocities in adjacent sandstones and 
limestones can be identical. Local velocity control is 
doubly important, because velocity discontinuities 
may not correlate directly with stratigraphic interfaces 
and because travel-time and velocity have equal 
weight in seismic determination of depth. Satis- 
factory velocity data can be obtained from well- 
shooting or by recording velocity logs in deep bore- 
holes; but in virgin areas, where information must 
eome from surface shots, available values may be 
inadequate. Accurate velocities can help when 
distinguishing between multiple reflexions and deep 
reflectors from curvatures in the moveout or by 
recognizing anomalous dips. 

Several of these and other complications which the 
interpreter must disentangle were clearly demon- 
strated from oil exploration surveys by the Iraq 
Petroleum Co. One slide showed how tangential 
distortion against high-speed beds can simulate the 
indications of a natural structure. Importance of 
spread-length was apparent in the same example, 
since curvatures which could not be identified on a 
short spread became clearly visible at 12,000 ft. 
Records of a noise-spread indicated that alignments 
in background may confuse with weak reflexions. 
Profiles shot in the foothills of Iraq demonstrated 
both the problems and the importance of identifying 
multiple reflexions and diffraction cross-overs which 
may have amplitudes greater than those of the geo- 
logically significant events. Lower-amplitude con- 
trast between eveats in a profile across the main 
producing oilfield of Iraq made it appear somewhat of 
an anticlimax, though containing important informa- 
tion. Mr. Tait’s evidence made clear that, in dealing 
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with seismic records, the interpreter must continu- 
ously bear in mind natural conditions under which the 
survey has been performed, velocity data available, 
instrument lay-out and complications which may have 
confused the records with multiple reflexions and 
diffraction effects. 

Mr. A. N. Thomas (British Petroleum Co.) discus- 
sing geological factors in the planning and interpreta- 
tion of seismic surveys, stressed the need for close 
co-ordination of geological and geophysical informa- 
tion. His first example, taken from the Po Valley, 
showed seismic reflexions on a phantom horizon to 
which geological information had been added, 
seismic evidence controlling the section as to fault 
zones and dips, while stratigraphical detail came from 
boreholes. Following examples came from south- 
west Iran, where initial interpretation difficulties 
with seismic refraction surveys were resolved when 
stratigraphical considerations correlated highest velo- 
city with Middle Cretaceous Rudist limestone, not 
with the massive Asmari limestone 2,000—3,000 ft. 
above. Refraction ares in the Lali Plain, starting 
from positions determined by surface geological 
mapping, directed attention progressively southwards 
to prove concealed Asmari limestone structures. In 
other British Petroleum Co. surveys across Agha 
Jari and Lali, surface dip observations by geologists 
in an area of disharmonic folding gave valuable checks 
on geophysical evidence about elevation of a con- 
cealed crest. In exchange, structural interpretation 
of the surface geological maps was aided by the 
geophysical information. Evidence from Iran showed 
that, by producing regional isopach and facies maps, 
the geologist can illuminate seismic interpretation 
wherever such variations control velocity or ability to 
act as a refractor. 

The bearing of velocity anomalies on seismic inter- 
pretation was next considered using an example by 
D. C. Skeels from a Devonian reef oilfield in West 
Canada. Reflexion times at boreholes to the Lower 
Cretaceous gave a velocity map used for controlling 
the seismic data, and the final seismic depth-map 
agreed with later sub-surface information more 
closely than an earlier map based on reflexion times 
only. In more complicated conditions accompanying 
Reef limestones in Western Alberta, structure contour 
maps and seismic isochron maps may show different 
relationships on successive horizons. Causes are 
sometimes difficult to assess, but it is clear that 
seismic evidence must be checked against drilling 
data at all available positions and levels. Difficulties 
in correlating reflexion pulses with specific geological 
formations were illustrated in results obtained near 
Calgary by Dr. T. C. Richards, in which corresponding 
seismic peaks and troughs could be seen to change 
stratigraphic horizon in different parts of the area. 
The sections also showed how ideas about the struc- 
ture of the area changed as various stages of drilling, 
seismic survey and further drilling were completed. 
This analysis indicated the tendency of the seismic 
interpretation to smooth out complications and 
inability to locate with certainty the top of the Palie- 
ozoic, which is the most important lithological break. 

Mr. Thomas concluded by saying that too much 
should not be expected from a seismic survey. It 
cannot climinate the need for sound geological 
investigation; both lines of approach are necessary. 
The seismic method cannot give a complete picture of 
sub-surface conditions in areas of complicated struc- 
ture, and geologists should realize the limitations 
imposed by the nature of the method. 
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Opening the meeting for general discussion, Dr. 
Bullerwell recalled a remark of Prof. Bruckshaw that 
potential theory has been known a very long time 
and that in many fields interpretation shows no 
fundamental advance over the past fifteen years. 
Noting that during this period there has been increased 
use of systems like the airborne magnetometer for 
recording continuous profiles, he asked whether these 
removed some of the subjective elements mentioned. 
Prof. Bruckshaw replied that the subjective element 
remains in spite of such developments, due to the 
gaps between profiles and uncertainties in completing 
contours. Though coverage is improved, it is never 
complete. Dr. W. Domzalski felt that some views 
expressed had been unduly pessimistic. Even though 
interpretations might prove quantitatively in error, 
qualitative results obtained following an imaginative 
approach often lead to new discoveries. For reason- 
able success in interpretation it is also important to 
choose the geophysice] method most suited to the 
geological problem. Even where no control informa- 
tion to guide the interpretation is available. the 
possible results may justify geophysical work as the 
most economical means of preliminary reconnaissance. 
On the question of economics, Dr. Bullerwell asked 
how soon during a survey should the results be tested 


TWELFTH INTERNATIONAL 


HE International Astronautical Congress is an 

annual meeting of the interplanetary societies 
of the world. Societies take it in turn to act as host, 
and the recent meeting, during October 1-7, in 
Washington, was the first occasion that the meeting 
had been held on the American continent. Next 
year’s conference was fixed for Sofia, Bulgaria, it 
having been held in Stockholm last year and London 
in 1959. Of the 750 people registered, some 300 
came from outside the United States. The president 
of the International Astronautical Congress this year 
was Academician L. I. Sedov, of the U.S.S.R., and 
for the forthcoming year Prof. J. Pérés. of France, 
was appointed the new president. 

The week following the Congress was the occasion of 
a meeting in New York by the American Rocket 
Society—‘‘Spaceflight Report to the Nation’’. 

There was perhaps a feeling that the International 
Astronautical Congress was of not quite such a high 
technical standard as previous ones, as many Ameri- 
cans seemed to consider the American Rocket Society 
meeting to be the more important of the two—a view 
not altogether shared by the European delegates. 

The opening ceremony on Monday was followed by 
a reception and buffet at the Bolling Air Force Base, 
where Dr. Theodore von Karman was very much in 
evidence among the delegates. 

The technical sessions started at 9 a.m. on October, 
3 with three simultaneous sessions on space propulsion, 
astrodynamics and guidance, and the Fourth Collo- 
quium on the Law of Outer Space (the Third Collo- 
quium was held in Stockholm in 1960). 

The session on space propulsion had two lectures 
from British delegates, the first by Mr. A. W. T. 
Mottram (Bristol Siddeley Engines, Ltd., Coventry) 
entitled: ‘““Propulsion of the Final Stage of a Satellite 
Launcher using Liquid Hydrogen as Fuel’’. Although 
this was the first lecture of the morning, it was well 
attended and there was a good discussion, although 
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by drilling. Mr. N. L. Falcon said that satisfactop, 
exploration implies a balanced programme combining 
geology, geophysics and drilling. It is desirable t 
establish control, pursue the investigation compre | 
hensively and not anticipate conclusions on the basis © 
of too few results, but geophysical interpretation » 
remains speculative until the key localities are drilleg } 
Dr. T. C. Richards said that geophysical experiences ; 
in Canada emphasize the importance of early dhilling | 
control. A quantitative approach is essential through. 
out and second-derivative gravity maps have proved 
unreliable for this. Seismic methods must be intro. 
duced at a very early stage and have adequate | 
geological and drilling control, especially in the Reef 
field, to overcome difficulties due to facies changes, I 
Otherwise, occurrences of Reef limestone in limestone 7 
or local velocity anomalies, as at Swan Hills, Alberta, 
would not be recognized. 

In closing the meeting the chairman remarked that 
personal experience often decides for one interpreta. 
tion method rather than another. Perhaps a real 
advance during the past fifteen years is represented 
by pooling of experience through free discussion and i 
improved publication of geophysical results. There » 
is certainly a clear recognition of fundamental prob. | 
lems. W. BULLERWELL | 
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Americans in the audience were perhaps a little 
reluctant to describe some of their more recent failures 
in this field. It must be remembered that liquid 
hydrogen has not yet been used successfully to plecea 
satellite in orbit, and that it was announced during 
the course of the Congress that the Centaur rocket 
using liquid hydrogen as a fuel has been officially 
set back eight months. 

The other British paper, ‘““An Examination of the 
Characteristics of Propulsion Systems for Inter. 
Orbital Transfer”, by P. A. E. Stewart (Hawker 
Siddeley Aviation) was read in his absence by his 
colleague, Dr. W. F. Hilton. This described the mor 
exotic forms of propulsion, including an omnidiree- 
tional method of focusing the Sun’s rays for the direct 
heating of liquid hydrogen for use as a working sub- 
stance, 

Undoubtedly the most noteworthy paper of the 
morning was by another British delegate, Arthur C. 
Clarke (Clarke-Wilson Associates, Colombo), under 
the title “The Social Impact of Communications 
Satellites”. This was presented during the Space 
Law Colloquium and attracted widespread interest. 
A future state of affairs where worldwide communica- 
tions are as cheap and reliable as our present local 
communications was investigated, and its effects on 
social behaviour and trade were discussed. Mr. 
Clarke is, of course, well known for having started 
the idea of communications satellites by his article in 
October 1945 in The Wireless World, and indeed 
reprint of this article wes issued to all delegates. 

The Space Law Colloquium continued in the after- 
noon and there was a session on energy conversion 
and yet another simultaneous session on astfo- 
dynamics and guidance. This last subject was treated 
as a round-table topic where a number of contributors 
made both prepared and unprepared comments, and 
ineluded Prof. Zdenek Kopal (University of Manches- 
ter). 
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On October 4 the round-table concept was continued 
with @ discussion on exploration of the solar system 
by radar and radio astronomy, the Moon and Venus 
being considered in the morning and Jupiter and 
future experiments in the afternoon. The radio 
reflexion experiments from the surface of the Moon 
appear to show fairly conclusively that much of 
the Moon is covered with a layer of dust having a 
thickness less than 1 em. The session on Jupiter was 
of interest on account of the detailed description of the 
radio emissions from the Great Red Spot. The 
nature of these emissions is now fairly well established, 
but their cause appears to remain a mystery. 

The most significant communication at the Con- 
ference was given by the Russian delegation, who 
revealed that their cosmonaut Titov was space-sick 
throughout the duration of his 24-hr. trip around the 
Earth, although this did not prevent him from sleep- 
ing in accordance with plans, or from carrying out 
routine duties which had been assigned to him. 

On October 5 the weather was fortunately much 
better, and the now traditional conference boat-trip 
was made down the River Potomac past the Naval 
Research Laboratory’s radio telescope, on to Mount 
Vernon. This informal occasion probably gives more 
opportunity for relaxed discussion between ad hoc 
groups of experts than is possible in the more formal 
atmosphere of the conference hall. The Congress 
banquet was held in the evening and was addressed 
by Academician Sedov. 
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On October 6 another British paper was presented, 
“Blue Streak as First Stage of a Satellite Launcher”’, 
by G. K. C. Pardoe. This described the present posi- 
tion of Britain’s only large rocket, based on the 
design of the American Atlas rocket, which is the 
largest they have attempted to fire to date. No 
particular reference was made to possible British or 
European payloads, although possible European 
collaboration in the future was mentiored. Simul- 
taneously, there was a round-table meeting on space 
communications, but most amazingly no reference was 
made to the use of radio, which is of course the obvious 
way for exploiting space for communications purposes. 
The signals to be conveyed would be modulated on to 
beams of light emitted from optical masers. This 
method gives a promise of tremendous band-width 
at some remote time in the future. Use of ultra- 
violet light for communications was proposed by 
Mr. J. W. Ogland, and one rather speculative paper 
suggested the use of y-rays for communications. If 
the vehicle is propelled by a nuclear rocket, the 
y-rays are available as a by-product and some form 
of hinged lead sheet has to be contrived for signalling 
purposes. This method is limited to use in space in the 
absence of any atmosphere and was shown to work at 
ranges up to 100,000 miles, but the signalling fre- 
quency is limited to one cycle per second. 

Finally, on October 7, delegates were taken on 2 
tour of the NASA Goddard Space Flight Center at 
Goddard, Maryland. W. F. Hirton 


THE VEHICLE DRIVER 


MEETING of the British Occupational Hygiene 

Society was held at the Traffic and Safety 
Division of the Road Research Laboratory during 
November 9-10. Six papers were read and discussed ; 
for the first two, which dealt with bus drivers, the 
chair was taken by Dr. L. G. Norman, the president 
of the Society. 

Examination by Dr. P. Froggatt of data from 
Northern Ireland revealed that @ curve of accident- 
rate plotted against age of driver had a broad mini- 
mum over the ages 45-55 years which was due to the 
beneficial results of experience being opposed by the 
decline in performance with advancing age. The 
accident-rate of experienced drivers rose above 50 
years of age. 

Mr. C. J. Cornwall had examined the records of 
London bus drivers for the period 1957-59 for 
which the average rate was 1-37 accidents per driver- 
year on a mileage of about 14,000. Accidents were 
associated with traffic density. The accident-rate 
fell with increasing experience more rapidly than it 
rose with age; the fall was marked up to 47 years 
and slower up to 70. Replacements of old drivers by 
younger men would increase the number of accidents. 

Dr. R. J. Smeed, deputy director of the Road 
Research Laboratory, occupied the chair during a 
session which was opened by Mr. W. Gissane, who 
described the nature and cause of injuries resulting 
from motor-car accidents in a city. Squadron- 


Leader D. I. Fryer told of the development of safety 
belts in aircraft, going back to Colonel Cody, who 
was the first man to fly a powered machine in Eng- 
land. The design and testing of modern safety-belts 
were described in detail, and the value of rearwards- 
facing seats, adequately attached to the airframe, was 
emphasized. 


Road experience with safety belts was dealt with 
by Dr. A. J. Moreland, who approached the problem 
of assessing accidents quantitatively by defining a 
damage index. This number was evaluated from the 
damage to chassis, compartment and bodywork. 
When divided by the weight of the motor-car it cor- 
related well with the difference between the squares 
of the velocities of the objects coming into contact. 

The damage index divided by weight was used as a 
basis for comparing the frequency of casualties of 
various degrees. Fatalities commenced at a figure 
near 15 and rose steadily; serious injuries rose from 
near the origin while slight injuries attained a 
maximum at about 25. 

Safety belts of good design, firmly attached, could 
prove beneficial, but there were suggestions that 
people drove faster when wearing them, and they 
did not check the forward velocity of the head on 
impact or protect it from objects flung forward 
from the rear. The steering arrangements, likewise, 
might either promote injury or provide protection. 

The final paper was delivered by Mr. I. D. Brown 
with Prof. D. D. Reid in the chair. Observations of 
police and other skilled drivers had been used in an 
attempt to relate driving performance to fatigue and 
distraction. It seemed likely that there was spare 
capacity to draw on in case of need and that fatigue 
from general occupations before driving might be 
more serious than that induced by driving. Tests of 
distraction by using tape recordings in which the 
subject was either interested, or not interested, were 
also carried out. 

The Road Research Laboratory demonstrated the 
telemetering of movements of the controls of a vehicle 
under way, of recording what happens in an accident 
and of experimental collisions. The incorrect basis of 
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early tests on motor-cycle crash-helmets was shown 
and specimens illustrated the protection afforded by 
helmets and the distribution of the injuries of motor- 
cyclists. 

The tulk of the meeting was concerned with the 
results of accidents and diminution of their effects 
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on people; little attention was given to the prevention 
of motor-car accidents by methods within the contro} 
of the vehicle driver. The papers and discussion 
will be published in the Annals of Occupational 
Hygiene. 


VOL. 192 


C. N. Davigs 


MECHANISMS OF VIRUS INFECTIONS 


DISCUSSION meeting of the Royal Society, 

arranged by Prof. Wilson Smith, on the subject 
of “Mechanisms of Virus Infections’, was held on 
November 2. Owing to the large numbers attending, 
the meeting was transferred, by courtesy of Sir 
Lawrence Bragg, to the lecture hall of the Royal 
Institution. The president of the Royal Society, 
Sir Howard Florey, took the chair. 

In his introduction, Prof. Wilson Smith traced 
briefly the progress of virological knowledge from the 
early almost metaphysical questioning into the nature 
of viruses to the present wealth of information 
regarding their chemical constitution, structure and 
intracellular behaviour. He wondered, however, 
whether these particular aspects were not in danger of 
being over-emphasized at the expense of more tradi- 
tional problems relating to virus disease. The 
natural history of any virus disease is intimately 
related to the survival cycle of the virus concerned 
and, in the metazoon host, this cycle is necessarily 
complex. The route of infection and primary lodge- 
ment, paths and mechanisms of spread through the 
host, replication and ultimate release must be con- 
sidered at the various levels of the coll, the intact 
host and the host population. It was with this in 
mind that the present programme had been built up 
around the concept of the survival cycle. 

Prof. A. W. Downie (University of Liverpool) 
opened the discussion with a paper on “Mechanisms 
of Virus Entry and Spread within the Host (Animal 
Viruses)”. Although a rapid survey of the various 
routes of infection known to occur was given to 
illustrate the extent of the subject, and problems 
associated with the question of neural spread in such 
diseases as poliomyelitis, herpes and pseudo-rabies 
were briefly discussed, the paper was centred on the 
pathogenesis of disease in the pox group of viruses. 
Fenner’s detailed work on ectromelia has laid a 
pattern which serves as a standard of reference for 
investigations with other members of this group, 
and a study of the highly lethal rabbit pox infection 
shows that it follows the same general course. The 
main difference is that the stages of primary and 
secondary lodgement with final involvement of the 
skin, and of primary and secondary viremia, are less 
well defined in rabbit pox than in mouse pox. Despite 
thorough investigation of animals infected by the 
intra-nasal route, no primary lesion is identifiable 
although virus can be readily demonstrated in the 
tissues of the nasal passages and trachea. The blood 
contains virus as early as the second day after 
infection and thereafter remains positive. Clinical 
disease develops on the fourth day. The finding that 
provoked the greatest interest and discussion was that 
animals do not become infectious by contact until the 
fifth or sixth day, at least 24 hr. after the onset of 
clinical disease, a finding closely similar to that in 
human smallpox. Following intranasal infection, 


virus may be isolated from the tissues of the upper 
respiratory tract in rabbit pox, and smallpox virus 


is presumed to invade by this route in the majority 
of human cases. Why then is the patient not infective 
during the incubation period ? Dr. C. H. Cadman 
(Scottish Horticultural Research Institute) dealt 
with the same subject in its relation to plant viruses 
and pointed out that there is an essential difference 
in the problems involved, since plant viruses are 
unable to effect entry into the tissues without external 
aid. Trauma is an essential prerequisite to infection 
and is usually inflicted in Nature by insect vectors, 
In the laboratory the necessary damage is achieved 
by rubbing the leaf, but the inefficiency of this 
procedure may be gauged from the fact that about 
10° infective particles are necessary in order to pro- 
duce a lesion. Further, since the plant does not 
possess conveniently isolated internal organs which 
can be segregated by dissection and to which the virus 
can track, spread of virus cannot be followed as in the 
animal host. It is probable that virus spreads in the 
translocation stream, but if so the form of the virus 
at this time is not known. Since certain viruses are 
apparently capable of dispensing permanently with 
their protein coat, it is possible that spread within the 
plant occurs in the form ot ribonucleic acid. The 
possible role of plasmodesmata and the problem 


presented by the fact that virus appears to spread | 


through callus tissue cultures just as fast as through 
intact plant tissues were also discussed. 

It was clear from both these papers, in their differ. 
ent contexts, that there is a long way to go before 
the problems of virus invasion of host tissues can be 
considered to be satisfactorily explained. 

“Intracellular Replication Mechanisms’’ were dis- 
cussed by Prof. M. Stoker (University of Glasgow), 
who considered the subject from the point of view of 
the interrelationship of virus growth to cell growth. 
The types of interrelationship exemplified by bacterio- 
phage infection are: (1) the extreme virulence found 


in the 7'’-even phage where adsorption of the protein | 
coat is sufficient to cause immediate death of the | 


cell with breakdown of deoxyribonucleic acid; (2) 
intermediate virulence where the host cell is not 
immediately killed but cell division is prevented; and 
(3) the avirulent prophage relationship. In the case 
of animal viruses, infection usually results in death of 
the cell, and the difficulties in demonstrating non- 
cytopathic infection of cells were discussed in detail. 
For proof it is necessary to study isolates of single 
cells and demonstrate, first, release of virus and, 
second, cell division in that order. 

Prof. Stoker concluded that there is as yet no satis- 
factory evidence for infections of this type with 
normally cytopathogenic viruses, but this he 
recently been acquired by Rubens with the Row 
sarcoma virus so that this virus, which is not normally 
cytopathogenic, is the only one for which the formal 
criteria have been satisfied. In the case of polyoms 
virus, either cytopathic effect or cell transformation 
may follow infection in vitro; but in the latter cas, 
it has not proved possible to demonstrate virus in the 
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transformed cells and these remain super-infectable 
with polyoma virus, albeit with difficulty. It must be 
concluded that persistence of the virus is not necessary 
for these cells to retain their character once trans- 
formation has occurred. 

Thus three types of non-cytopathogenic relationship 
appear to be possible. In the case of the Rous virus 
both virus and cell multiply with the intermittent 
release of infective virus; in lysogenic bacteria both 
multiply together but virus is not released without 
induction and death of the cell occurring, and finally 
with polyoma the virus may induce a cell transforma- 
tion without itself persisting. 

Dr. A. Isaacs (National Institute for Medical 
Research) considered ‘Interference Phenomena” 
as a further aspect of intracellular behaviour. Many 
interference phenomena have now been shown to be 
mediated by interferon, and the properties of this 
substance were described. It is a protein of molecular 
weight 63,000 which is produced by all vertebrate 
tissues so far tested. All viruses examined have been 
found to provoke production of interferon and all are 
to some extent susceptible to its action. In its 
protective action it possesses some specificity for the 
species in which it is produced. It is non-toxic at 
viral inhibitory concentrations and does not inhibit 
cell division. In infected cells it suppresses the 
production of viral nucleic acid, possibly through its 
inhibitory activity against oxidative processes pro- 
viding the energy for synthesis. As might ba expected, 
therefore, it is found that viruses depending on oxida- 
tive processes for their replication are more strongly in- 
hibited than those which do not have this dependence. 

The possible role of interferon in recovery from virus 
infections was discussed and some interesting specula- 
tions added on the possibility that the action of 
interferon in virus infections is incidental to its role 
in the normal cell. Dr. Isaacs suggested that its 
function might in fact be that of excluding extraneous 
ribonucleic acid of whatever nature. It is not formed 
during the first third of chick embryonic life when 
ribonucleic acid might be acting as a vital inter- 
mediary in the processes of morphogenesis, but 
thereafter is formed in increasing amounts in response 
to the appropriate stimulus. It might be that its 
formation in later embryonic life is a mechanism for 
the protection of the tissues from unwanted morpho- 
genetic stimuli. This suggestion aroused some argu- 
ment and it was pointed out that interferon does not 
exclude viral ribonucleic acid from the cell but 
apparently suppresses its formation. 

The last paper on cellular relationships of virus 
was given by Prof. G. Belyavin (University College 
Hospital Medical School, London) on “Latency in 
Virus Infections”. Prof. Belyavin treated the subject 
from a purely theoretical point of view and demon- 
strated by means of a mathematical model that in 
any system where persistence of infection depends on a 
balance between the rate of replication of virus and 
the rate of replication of cells, an impossibly critical 
state would exist. Such a system would inevitably 
lead either to the virus gaining the upper hand with 
eventual destruction of the whole cell population, or 
to cell multiplication outstripping virus multiplica- 
tion with the elimination of the latter. The assump- 
tions on which the model was constructed did not 
include variation in the susceptibility of the cell 
population or the role taken by such substances as 
interferon. The intervention of some such factors 
would be essential if a stable balance between virus 
and host cells were to be achieved. 
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Epidemiological factors in relation to animal and 
plant virus diseases respectively were presented by 
Prof. F. J. Fenner (Australian National University) 
and Dr. L. Broadbent (Glasshouse Crops Research 
Institute). ‘These two papers provided an interesting 
comparison of the problems in these two fields, the 
more so as Prof. Fenner confined himself to a discus- 
sion of myxomatosis, a vector-transmitted disease. 
A comparison of the Brazilian, Californian and 
Australian viruses in rabbits native to those regions 
suggests that, in the establishment of the disease in 
Nature, natural selection acts not on the virus as 
such but on the factor of transmissibility. Thus the 
three types of virus are capable of infecting the 
Californian rabbit S. buchmani, but whereas the 
attenuated Australian strain fails to give detectable 
virus in the skin lesions and the South American 
strain gives a titre of only 10‘/gm., the Californian 
virus achieves a titre of 108/gm. and only the last is 
found to be transmissible by mosquitoes. In Aus- 
tralia since 1952, the original virus, which killed close 
on 100 per cent of infected animals, has been largely 
replaced by less virulent variants. The fall in 
mortality has not, however, been extreme or progres- 
sive, and the dominant strains have for some years 
remained in the ‘grade IIT’ category in which mortal- 
ity is about 90 per cent; but since the infected rabbits 
live longer, the virus is available for transmission 
for a period of about 15 days as against 5 days 
with the highly virulent strains. However, the 
increase in the numbers of genetically resistant 
rabbits may ultimately favour the more virulent 
virus. 

The highly complex interplay of factors governing 
the epidemiology of myxomatosis was reflected in the 
field of plant viruses. Dr. Broadbent dealt with the 
epidemiology of plant virus diseases in wider terms, 
but the main interest in his paper lay not in the 
artificial spread of viruses by human agency or even by 
contact, but in the intricacies governing its trans- 
mission by vectors. While the nature and static 
habits of plants eliminate the complications arising 
from behaviour patterns, they equally introduce 
factors specific to plant epidemiology. Thus, while 
it is easy to understand that the size of plants and 
their position relative to each other and to sources of 
infection external to the crop must influence spread 
of infection, the results of the microclimate within 
the crop are more subtle. If plants are closely spaced, 
the transfer of vectors will be facilitated; but this 
may be offset by the development of temperature and 
humidity conditions within the crop which are not 
tolerable to them. The vector will then be confined 
to the new shoots which may contain little virus. 
Similarly, plants are in general more susceptible to 
infection when young, so that climatic influences 
on the time of greatest prevalence of the vector may 
determine whether or not infection is widespread 
irrespective of whether the vector is particularly 
numerous. Despite these factors, which have no real 
counterpart in the animal virus field, there are more 
similarities than differences apparent in the epidemio- 
logy of plant and animal viruses and Dr. Broadbent’s 
paper served to illustrate some of these. For example, 
some viruses, such as potato virus Y, can be picked 
up in a few seconds feeding and immediately spread to 
uninfected hosts. These viruses do not persist in the 
vector for more than a few hours. Others, such as 
potato leaf roll, require prolonged feeding to infect 
the vector, cannot be transmitted before the lapse of 
a latent period, and thereafter persist in the vector 
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for many weeks. This contrast is very similar to that 
between myxomatosis and yellow fever. 

Finally, the damage which virus infection inflicts 
on the host was discussed by Dr. J. C. N. Westwood 
(Microbiological Research Establishment, Porton) in 
relation to the intact host and by Dr. Alison Newton 
(University of Cambridge) at the cellular level. Dr. 
Westwood discussed “Virus Toxicity”’ and its possible 
role in the production of disease and ultimately death 
in fatal virus infections. The term ‘virus toxicity’ 
was originally coined to cover the production, by 
massive doses of virus, of lesions or death in suscept- 
ible or non-susceptible animals without the occurrence 
of multiplication of the virus. The toxic factor has 
always been inseparably associated with the virus 
particle itself. Since virus disease is normally initi- 
ated by small doses of virus and accompanied by 
multiplication, it has seemed unlikely that ‘toxicity’ 
could be involved; and the latter has always been 
regarded as a freak laboratory phenomenon unassoci- 
ated with production of disease. It was suggested 
that this concept might be wrong. Experiments 
were described which showed that the toxicity of 
rabbit pox virus is associated with a partial cycle of 
replication, as is the toxicity of other viruses in which 
such partial cycles have been sought. Death in 
rabbit pox is preceded by the abrupt onset of shock, 
with some evidence of increased capillary permeabil- 
ity, and the clinical picture can best be explained by 
the presence of some toxic factor in the blood. During 
the four days preceding death in acutely fatal 
infections, the virus concentration in the blood may 
rise to as high as 10° infective units/ml. and similar 
concentrations occur in fatal smallpox and herpes 
infections in man. The cytotoxic effect of such virus 
concentrations on the capillary endothelium could be 
the cause of the increase in capillary permeability 
and so precipitate the animal into shock. Since no 
toxic factor other than the virus has ever been 
demonstrated to result from cell-virus interaction, 
the possible role of direct virus toxicity in disease 
must be seriously considered. 

Damage to the intact host depends on the damage 
produced at the cellular level, and Dr. Newton 
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considered the “Biochemical Aspects of Vir 
Infectivity” in relation to modification of cellulg 
metabolism. The main modifications are found first ip 
the production of new virus and second in changes in 
the nucleic acid and protein synthesis. Viruses which 
multiply in the cytoplasm make less use of the celj 
metabolism—for example, vaccinia virus does not 
affect the metabolism of deoxyribonucleic acid—anq 
such viruses probably produce their damaging effects 
by competition for metabolites. Those which multi. 
ply in the nucleus produce a more profound effect, 
since they must not only compete for metabolites 
but must also overcome the normal control processes 
of the cell. Thus pre-labelling of the cellular deoxy. 
ribonucleic acid with tracer thymidine shows that 
herpes virus causes a rapid breakdown of cell deoxy. 
ribonucleic acid probably due to increased deoxy. 
ribonuclease activity similar to the increased ribo. 
nuclease activity stimulated by poliovirus. It also 
stimulates synthesis of deoxyribonucleic acid. These 
changes must damage the control mechanisms of the 
cell, and interfere with synthetic activities in the host. 
In some viruses, such as encephalomyocarditis, viral 
ribonucleic acid is elaborated in the nucleus and 
protein in the cytoplasm. It is probable that in these 
instances cytoplasmic protein metabolism is governed 


by viral ribonucleic acid which migrates from the | 


nucleus. The production of cell damage does not 
depend on completion of the multiplication cycle of 
the virus; for example, with poliovirus, herpes and 
rabbit pox viruses, inhibition of infective virus 
production does not prevent cell destruction. It was 
suggested that cell damage results from the release of 
lysozomes, disruption of the controlling mechanism 
of the cell, competition for metabolites and distur. 
bance of metabolic balance. 

The meeting was successful in provoking lively 
discussion and considerable disagreement on nearly 
every point raised by the main speakers. Dr. Sanders, 
in summing up, congratulated the participants on 
avoiding all reference to infective nucleic acids, and 
he also stressed the gulf which still exists between 
academic virology and virology as applied to disease, 

J. C. N. Wrstwoop 


COTTON-GROWING IN NIGERIA 


GRICULTURAL progress relies on the pure 

sciences, On engineering and on economics. 
These cannot come into play until major practical 
problems have been resolved into their scientific 
components. Resolution is one of the functions of 
husbandry investigation. Recognition of the nature 
and importance of this function has come only within 
the past three decade-. In this same period the other 
function of husbandry investigation has also been 
developed, namely, improvement of accepted prac- 
tices in raising crops and livestock. Cultivations, 
drainage, sowing, grazing, housing of stock and other 
day-to-day matters were not looked on, formerly, 
as problems amenable to study : they were matters 
for the farmer’s experience and tradition. Modern 


husbandry investigation seeks to improve all working 
practices by studying their underlying purposes and 
interpreting their effects. 

That physical environment is primarily important 
for agriculture is now an axiom, though some costly 
flouting of it is vet fresh in memory. 


It is largely 


through husbandry investigation that scientific 
attention has been brought to its present intensity 
in such matters as rainfall characteristics, solar 
radiation, air temperature, shade, wind and moisture- 
holding capacity of soils. 

Some highly successful husbandry investigations 
on cotton have recently been reported* from the 
Ministry of Agriculture Research Station at Samaru, 
Northern Nigeria. 

Past work at the Station and in its area of interest 
had revealed a discouraging situation. Local yields 
were 150-200 Ib. of seed cotton an acre. Late sowing 
partly accounted for this, but earlier sowing im 
experimental plots gave only 240 Ib. Assisted by 
fertilizers and by early planting the maximum yield 
was 600 Ib. At these yields insecticidal protection 
did not pay. Yield in a bad year was only half of that 
in a good one and in any small field good and bad 
patches markedly influenced growth and _ yield. 
An improved variety of cotton, bred at the Station, 


* Lawes, D. A., Emp. J. Exp. Agric., 29, 116 (1961). 
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showed but @ poor increase in yield (its merits were 
made clear in later trials under improved conditions). 
A belief had therefore grown up that the attainable 
vield of rain-grown cotton in the area was decidedly 
iower than that for other African territories. 

Rainfall (total and effective) appeared to be the 
dominating factor for yield, and experiments were 
made during 1957-59 to assess its influence. From 
meteorological records and observations, 40 in. 
was deduced as the expected (1 : 1 chance) annual 
rainfall, 27-4 in. of which would come after July 1 ; 
and under local conditions a crop of cotton would need 
about 25 in. of rain in the growing season if growth 
was not to be limited by soil moisture (July 1 is recom- 
mended as the sowing date for cotton, as the earliest 
which allows food crops to be planted first). What 
happens to rain after reaching the soil and how 
control of this influences yield were the primary 
issues in the field experiments. 

Surface ‘capping’ through heavy rain, to which the 
local soils are specially prone, was shown to be largely 
controllable by timely hoeing and by mulching, 
entry of rain into the soil being thus greatly increased. 
The land is ridged for cotton and other crops, and it 
was found that here, as elsewhere, water conservation 
could be improved by ‘tying’ the ridges with small 
bunds at intervals along the furrows. In dry years 
this considerably increased yield but depressed it in 
wet years. These effects were clearly interpreted 
by soil—-moisture profiles. 

The effects of varying degrees of these controls hav- 
ing thus been measured, field trials were arranged, 
having in mind steps which could be fitted into 
peasant practice. A light mulching, in the furrow bot- 
toms only, proved effective, and by slitting the furrow 
bottom and working a small amount of mulch 
into the slit the effect was enhanced. Tying alternate 
ridges only worked well, and avoided yield depressicn 


through standing water in wet years. Groundnut 
shell, dead grass and chopped Sorghum stalks made 
good mulches, the shell being best. By preparing 
the land for sowing at the onset of the rains, instead 
of just before sowing, which is local practice, cotton 
yields were raised by 15 to 20 per cent in two trials. 
Increased penetration and retention of rain had evi- 
dently been secured. Good response to fertilizers 
was obtained whero tied ridges and mulch were also 
used. 

The practical inference was clear—fertilizers, 
insecticidal protection, improved varieties and other 
betterments are repaid only when water conservation 
is amply ensured and this is practicable at peasant 
husbandry level. To drive the lesson home, cotton 
was grown on a half-acre plot for four years running 
in which rainfall was 55, 35, 42 and 43 in. Yields 
were all of the order of 2,000 lb. of seed cotton an 
acre, which is good for rain-grown cotton anywhere 
and excellent in comparison with any other part of 
Africa. Moreover, picking was ended by Christmas 
whereas it dawdled on for another 2-3 months on 
other plots. 

This successful husbandry investigation is of more 
than local and immediate valuo. It is part of the 
widespread studies of rainfall, soil moisture and crop 
water needs carried out by the Empire Cotton Grow- 
ing Corporation. The basic work is done at its 
Central Research Station, Namulonge, Uganda. 
All this work deals not with cotton alone but also in 
conjunction with the customary food crops of cotton 
growers. Agriculture in general is thus benefited in 
cotton-producing countries. Moreover, the practical 
problems centring on rainfall are becoming so defined 
and resolved as to enable their deeper, physiological 
study to be effectively opened up. Plant breeding, 
also, gains a clearer sense of direction. 

F. L. ENGLEpOw 


RADIOMETRIC AND PHOTOMETRIC STANDARDS 


WO recent publications in the series Notes on 

Applied Science of the National Physical Labor- 
atory, Teddington, illustrate some of the activities of 
the Light Division of the Laboratory. 

No. 23 in the series’, Radiometric Standards and 
Measurements, by E. J. Gillham, deals with the 
methods used at the Laboratory for the measurement 
of ultra-violet, visible and infra-red radiation. The 
contents consist of three main sections devoted to 
the measurement of total radiation, the measurement 
of monochromatic radiation, and the absolute 
measurement of radiation, respectively. Total radia- 
tion is usually more intense than monochromatic 
radiation and therefore can be measured more easily, 
but the total energy content of a beam of radiation 
is often of less practical significance. An instrument 
for measuring total radiation must be equally sensitive 
to radiation at all wave-lengths, and the only means 
of converting radiation into another form of energy 
with predictable officiency over the whole wave- 
length range is by absorption at a blackened surface, 
that is, to use a thermal detector. Fortunately, 
blacks with an absorption factor of 95 per cent or 
more over the whole spectral range of interest are 
available, and consequently thermal detectors with 
an error due to selectivity of not more than 2 or 
3 per cent can be obtained. The type of thermal 


detector commonly used is the thermopile, and in 
the booklet the Moll thermopile, which has steble 
characteristics and which forms a very useful working 
standard for measuring radiation or for calibration of 
other radiation detectors, is described in some detail. 
A set of six Moll thermopiles is maintained at the 
National Physical Laboratory for calibration pur- 
poses. The methods used for the intercomparison of 
thermopiles and for the accurate measurement of the 
selectivity of a thermopile using a Callender radio- 
balance and three different sources of radiation are 
discussed. 

To illustrate the problems encountered in the 
measuroment of monochromatic radiation a descrip- 
tion is given of a routine test undertaken at the 
Laboratory to determine the special sensitivity of a 
photoemissive cell, in the 0-25-0-7u -wave-length 
range. The optical arrangements and apparatus 
required for the measurement of the spectral sensi- 
tivity, and also the absolute sensitivity of the photo- 
cell, are given. For the absolute measurement of 
radiation a thermal detector in which the target is 
provided with a resistance element or other means 
for supplying a measurable amount of electrical 
power is recommended. At the National Physical 
Laboratory the absolute radiometer used is the Guild 
drift radiometer. It is of the compensated type with 
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two similar receivers, the front one of which is 
exposed to the radiation. The target consists of a 
massive copper disk 4-5 em. in diameter and 0-5 em. 
thick to ensure temperature uniformity. Thermo- 
couples are attached at a number of points in order 
to average the rise in temperature. The electrical 
heating element is cemented to the front disk on the 
side exposed to the radiation. The cycle of operations 
and the practice carried out in the Laboratory for the 
calibration of working-standard thermopiles against 
the Guild radiometer with a radiation source, con- 
sisting of a 1,000-W. tungsten lamp operated at a 
colour temperature of 2,850° K., together with water 
filter and heat-absorbing glass to absorb radiation of 
& ee longer than ly, are explained in 
detail. 

The second booklet, No. 24 (ref. 2), is concerned 
with photometric standards and the unit of light. 
The development of light sources from the early 
nineteenth century and the evolution of the present 
primary standard, with the internationally accepted 


unit of luminous intensity, the candela, are discussed, 
followed by a detailed description of the procedures 
carried out at the National Physical Laboratory with 
regard to the arrangement of the primary standard, 
end calibration of secondary standards of luminous 
intensity and luminous flux. Finally, the present 
international situation with regard to intercompar. 
isons of photometric scales is reviewed, and a table ig 
given showing the relative magnitudes of the candela 
(2,042° K.) as founc in the most recent determinations 
(up to 1957) at various national laboratories. The 
monograph can be recommended as a comprehensive 
and instructive statement of photometric standards 
and light sources, and should be of value to all 
concerned with illumination. S. WEINTROvUB 


' Department of Scientific and Industrial Research: National Physica} 
boratory. Notes on Applied Science, No. 23: Radiometric 
Standards and Measurements. E. J. Gillham. Pp. iv + 23. (London: 
H.M.S.O., 1961.) 1s. 9d. net. 
* Department of Scientific and Industrial Research: National Physical 
boratory. Notes on Applied Science No. 24: Photometric 
Standards and the Unit of Light. J. 8. Preston. Pp. iv+32+ 
4 plates. (London: H.M.S.O., 1961.) 3s. net. 


GEOLOGY OF BROWN CLEE HILL AND THE ADJACENT AREA 


HE Old Red Sandstone of Brown Clee Hill and 

the Adjacent Area*, recently issued by the 
British Museum (Natural History), is an important 
paper as it deals with a classic area in which is 
displayed the most complete sequence of Old Red 
deposits of the Anglo-Welsh development. In the 
first quarter of the century Wickham King estab- 
lished a general stratigraphical succession for that 
development, which he based to a large extent on 
his findings in the Brown Clee district, but his support- 
ing paleontological evidence was too meagre and 
scattered to provide really convincing fossil zones. 
At that time too many of the forms had been inade- 
quately described or named from fragments. King’s 
work, however, generated a stimulus that has led to a 
revolution in our knowledge of the British Old Red 
ostracoderm faunas. This has been the result of 
systematic collecting and accurate description. The 
latter we owe chiefly to the senior author, Dr. E. I. 
White, and Part 2 of the present paper is his latest 
contribution to the subject. While our knowledge 
of the fossils has been gradually accumulating, the 
paleontologist has had, to a great extent, to rely on 
King’s stratigraphical conclusions, which were not 
always based on reliable mapping. 


* Bulletin of the British Museum (Natural History). > & 

Vol. 5, No. 7: The Old Red Sandstone of Brown Clee Hill and the 

Adjacent Area, 1: Stratigraphy. By Harold William Ball and David 

Lawrence Dineley. 2: Paleontology. By Errol Ivor White. Pp. 

+ plates 33-48. (London: British Museum (Natural History), 
1.) 70s. 


In the present case the two junior authors have 
presented an excellent map based on accurate 6-in. 
survey and elaborate collecting. which have enabled 
them to determine the range of the fossils with 
considerable accuracy. For the Downtonian Series, 
they have taken advantage of much recent palzon. 
tological work; and the zones for this series can now 
be regarded as well established, and their evidence 
as merely confirming conclusions reached previously 
in this and other areas. But for the desperately barren 
Dittonian and Clee Series, their painstaking fie!d-work 
has supplied Dr. White with material, by which broad 
zones can now be defined with some exactness. 

Part 1, devoted to the stratigraphy, includes 
interesting discussions concerning the geographical 
conditions governing sedimentation, the ecology of 
the fossiliferous ‘pockets’, the so-called Psammosteus 
Limestone (which has never yielded a fossil, let alone 
a Psammosteus), and foreign pebbles in the con- 
glomerates ; but its main significance is the correlation 
of the fossils with the stratal succession, and the 
determination of the range of each important species. 
A valuable feature is a list of more than a hundred 
localities with the fauna discovered at each. 

Part 2 is descriptive of a number of new species 
and varieties illustrated by 60 text figures and 16 
plates. Of particular value are the new forms dis- 
covered by the authors and others in the Clee Series 
and in the unconformable upper Old Red beds (the 
Farlow Sandstone Series). L. J. Wits 


FIRE RESEARCH 1960 


HErecently issued annual report of the Joint Fire 

Research Organization * records the bringing into 
use, during 1960, of new buildings providing 30,000 sq. 
ft. of permanent floor area for the continued prosecu- 
tion of fire research (see Nature, 189, 105; 1961). 


* Department of Scientific and Industrial Research and Fire 
Offices’ Committee Joint Fire Research Organization. Fire Research, 
1960: Report of the Fire Research Board with the Report of the Director 
Research. Pp. viii+ 67 +12 plates. (London: H.M.S.O., 1961.) 

net. 


Among the many investigations described, that which 
focused attention on the behaviour in draughts of oil 
heaters of the drip-feed radiant type has doubtless 
aroused the greatest public interest. The relatively new 
and unique wind-tunnel facilities of the Fire Research 
Station permitted an expeditious study of this prob- 
lem, followed, within the year under review, by the 
publication of a report and a new British Standard and, 
finally, by the introduction of appropriate legislation. 
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Of particular scientific interest is the large pro- 
e of work now in progress on the quantitative 
aspects of fire in structures, both real and idealized. 
A particular object of this is to establish scaling laws 
for rate of burning, size of flames and the spread of 
fire by heat transmission from them, and the disposal 
of smoke by ventilation. 
The statistical inquiries, as always, are interesting, 
and this year include reference to the incidence of 
fire in post-war houses, fires caused electrically, and 
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aircraft crash incidents. Tests have been carried 
out on the relative effectiveness of audible warning 
devices in traffic, from which the traditional fire bell 
emerges rather badly. Preliminary experiments on 
the use of a gas turbine as an inert gas generator for 
extinguishing fires in large building spaces have given 
encouraging results. Fire-resistance testing of build- 
ing materials, work on the prevention or mitigation of 
gas and dust explosions, and a number of other 
projects have been continued. J. H. BurGoyNE 


PROGRESS OF CANCER RESEARCH 


HE annual report of the British Empire Cancer 

Campaign continues to expand year by year; 

the thirty-eighth edition * is a massive book of nearly 

300 pages, the scientists working either wholly or 

partly under the «gis of the Campaign number nearly 

1,500, and a million pounds was spent on research in 
1960. 

Some idea of the trends of cancer research, as 
described in the report, can be suggested by breaking 
down, into subject-matter and class, the total of 
papers published in 1960 by these investigators and 
comparing the resulting catalogue with that for 
1950; the papers will, of course, represent the work 
more or less completed before 1960 rather than the 
present progress, but the main lines will undoubtedly 
remain substantially the same (Table 1). Tho table 
shows that in the ten years the trend has been to 
increase the volume of work on biochemical themes 
at the expense of carcinogenesis and radiobiology, 
and that the immunological and statistical approach 
is attracting more research. 

Only a little of the large amount of research work 
detailed in the report can be referred to here. One of 
the most interesting investigations continues to be on 
the Gross leukzemia-inducing virus and the related 
polyoma virus. Miller confirms that removal of the 
thymus in C3H//GS mice at 3-4 months after they 
have been neo-natally inoculated with the Gross virus 
prevents the development of lymphocytic leukemia 
which otherwise appears in 100 per cent of such 
inoculated mice. Grafting isogenic thymus into the 
thymectomized mice restores the growth potentiality 
of leukemia. C3H mice which had been made tolerant 
to tissue from Ak mice at birth were inoculated with 
normal Ak thymus and became leukemic; trans- 
plantation tests showed that the lymphocytic neo- 
plasm arose from host cells and not from the inocu- 
lated Ak cells, thus demonstrating that a non-cellular 
factor from Ak thymus is a necessary component in 
the origin of this lymphocytic leukemia. 

C3H mice injected at birth with the Gross virus were 
later given a lethal dose of radiation and protected 
with normal isogenic marrow from untreated mice; 
most of the injected mice developed leukemia, and 
tests with protecting cells carrying a marker chromo- 
some indicated that the leukemogenic virus is not 
only radio-resistant but is also resistant to any 
immune attack that might have been exerted by the 
protective marrow cells, and therefore there is not 
much hope of treating leukemias of viral origin by 
total-body irradiation and marrow replacement. 


* British Empire Cancer Comoe. Thirty-eighth Annual Report 
covering the year 1960. Part 1: e Chairman’s Statement and the 
Accounts. Pp. xxxviii. Part 2: The Scientific Report of the 
Researches undertaker by the Central Organization and its Autonomous 
Councils in the United Kingdom, and by some of its Affiliated Organ- 
izations Overseas. Pp. xxxix-lvili+ 792. (London: British Empire 


r Campaign, 1961.) 


Ambrose and colleagues, in experiments on normal 
and malignant cells grown in vitro, conclude that “The 
characteristic properties of the tumour cells so far 
suggested in the present studies are therefore as 
follows: (1) the tumour cell membranes show reduced 
mutual adhesiveness as compared with normal cells; 
(2) several lipases and phospholipases are more toxic 
for tumour cells than for normal cells and the tumour 
cells are also more sensitive to lipid in the medium, 
suggesting that more exposed lipid is present on the 
tumour ce!l membrane; (3) the structure of the 
tumour ceil involves a less basic protein than the 
normal cell, suggesting a more acidic micro-climate 
at the ceil surface, in agreement with the electro- 
phoretic studies indicating an increased negative 
surface charge’’. 

The possible cancer risks attached to the use of 
cestrogen implantation in cattle and poultry is the 
subject of a report by Sir Charles Dodds: ‘There 
has been a new interest in the alleged carcinogenic 
action of cestrogens during the past year. The wide- 
spread use of stilboestrol and hexoestrol in agriculture 
has generally been approved by governments. Stilb- 
oestrol implantation in poultry for the purpose of 
caponisation has become almost universal and it is 
also estimated that a very large percentage of meat 
produced in the North American continent has been 
produced under the influence of stilboestrol, hex- 
oestrol or some similar substance. There has been a 
change recently in the administrative outlook in the 
North American continent on the use of these sub- 
stances and at the present time, in America, their use 
has been banned by what is known as the Delaney 
Amendment to an Act in the F.D.A. This whole 
question is being looked into and we have been 
particularly interested in attempts to assess the 
intake of cestrogens in a normal diet. This aspest of 


Table 1. PAPERS PUBLISHED ON CANCER RESEARCH 
Total in Total in 
Classification In 1960 1960 In1950 1950 
(per cent) (per cent) 


Radiobiology; radiothera- 
peutics; physics; tracer 
studies 187 21 79 33 

Biochemistry of DNA, RNA, 
—— enzymes; carbo- 


ydrate metabolism 177 20 33 14 
Clinico-pathology 105 119 20* 8-3 
Cytology; tissue culture; 

electronmicroscopy; cyto- 

chemistry 87 9-9 19 7-9 
Carcinogenesis; carcinogens ; 

biology of tumours 81 9-2 38 16-0 
Cancer chemotherapy ; 

cytotoxins 70 7-9 15 6-2 
Hormones; steroids 54 6-1 12 5 
Immunity; immuno-therapy ; 

transplantation 50 5°38 4 1-7 
Mutation; cytogenstics 25 28 5 21 
Statistics; geographical 

pathology 26 2-8 1 0-45 
Viruses 21 2-4 6 2°65 


* Report of Clinical Cancer Research Committee. 
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the problem seems to have been entirely overlooked 
by the legislators. There is, therefore, a renewed 
interest in compounds of the flavone and isoflavone 
series described later in this report’’. 

Salaman and co-workers find that new-born mice 
are highly sensitive to carcinogens; after one year, of 
26 mice of the ‘101’ strain which had received 30. of 
dimethylbenzanthracene neo-natally, 9 developed 
leukemia, 25 lung adenoma, 7 skin papilloma and 
16 papillomas of the forestomach. 

Cunningham and colleagues at the Royal College 
of Surgeons have been studying cytologically the 
process of liver cancer induction by dimethylamino- 
azobenzene using a technique of section cutting which 
permits the life-like preservation of cellular structures 
in that mitochondria, free lipid, lipid-protein bonds 
and dehydrogenases are retained intact; the tissue 
being sectioned at — 25° after cooling to — 70°. 

Orr has been continuing his work on the chemical 
induction of mammary cancer in the mouse; such 
tumours did not develop in female mice of the C57B1 
strain after painting the skin with dimethylbenzan- 
thracene (DMBA)—a standard technique—but if the 
females were made pseudo-pregnant by being caged 
with vasectomized males and then painted with 
DMBA, 21 out of 29 mice developed breast tumours 
due to the added stimulus from progesterone in 
pseudo-pregnancy. 

Orr and Mandl find that senile virgin rats are very 
liable to spontaneous mammary tumours; of 69 such 
females aged between 600 and 1,200 days, 34 (49 
per cent) showed macroscopic fibroadenomata, while a 
parallel series of 46 female rats used for breeding had 
an incidence of only 4 per cent mammary tumours. 
“It is tentatively suggested in the light of these 
observations that continuous secretion of cestrogen 
by virgin animals, uninterrupted by phases of pro- 
gesterone secretion during pregnancy, stimulates the 
anterior pituitary. The cstrogen-stimulated pituitary 
secretes appreciable quantities of luteotrophin even 
before it becomes enlarged, at the same time output 
of other gonadotrophins decreases. The secretion of 
luteotrophin would account for both the mammary 
hyperplasia and the presence of excessively large 
corpora lutea. Absence of corpora lutea could be 
explained by insufficiency of LH with failure of 
rupture of Graafian follicles’. 

Baldwin, at Nottingham, finds that a commercially 
available motor-engine oil additive is highly carcino- 
genic for mouse skin; it consists of a mixture of 
compounds which include lead naphthenate, carbon 
tetrachloride, 1,1,1,-trichloroethane and a petroleum 
oil base; the indications are that the active factor is 
present in the oil base. 

King, Hughes and Louis at Melbourne, in interesting 
work on the fluorescein conjugate staining of tissues, 
state: “The studies of the last four years have been 
continued and extended. In addition to serum globu- 
lins, serum albumin has been conjugated with 
fluorescein and rhodamine. The differential avidity 
of the dye for serum albumin as opposed to globulins 
has been confirmed. In addition, sera from species 
other than those previously examined have been invest - 
igated with similar results ; normal tissues of all species 
studied stained but malignant tissues failed to stain. 

“Tissues grown in tissue culture show the staining 
and fluorescence characteristic of normal tissues for 
the first three days. By the fourth day staining 


becomes patchy and subsequently no staining can be 
obtained, that is, after the fourth day the culture 
shows the same staining characteristics as malignant 
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tissue. This conforms with observations made op 
re-introduction of such tissues into the origina) 
animal or one of the same species, when they grow in 
the same manner as true neoplasms’’. 

In Melbourne also, Trautner and Coats have been 
using an ingenious technique in the study of species 
immunity to cancer; mouse ascites carcinoma cells 
were suspended in nutrient fluid in ‘Perspex’ chambers 
(0-1 ml.) fitted with non-reactive ‘Millipore’ filters of 
pore size 0-6-0-3u. “Attempts to transplant the 
tumour directly from the mouse to either the rat or 
the guinea pig were uniformly unsuccessful.’” When 
the chambers were inserted intraperitoneally in ratg 
or guinea pigs the growth of the mouse cancer cells 
was at least as prolific as in mice. “It was found that 
growth of the tumour in the rats and guinea pigs was 
as good as or better than it had been in mice, and the 
day-by-day growth characteristics were studied. It 
would appear that the tumour-host hostility evident 
on direct inoculation was dependent on cell-to-cell 
contact between tumour cells and the host.” 

Studies in geographical pathology come from the 
University College of North Wales (“‘Cancer Incidenes 
in Relation to Trace Elements in Soil and Plants”), 
Makerere College, Uganda (‘“‘Cancer in African 
Children”) and the University of Bristol. 

Statistical data from the Bristol Tumour Registry 
show that under the age of 40 the English incidence 


VOL. i92 


of bone sarcoma is similar to Norwegian figures, | 


After that age the tumour is much more common in 
south-west England, due largely but not entirely 
to the frequency of Paget’s disease of bone in the 
English population, but not in the Norwegian popu- 
lation. Except in those subject to Paget's disease the 
tumour has a monomodal age incidence curve, the 
English incidence showing a typical bimodal curve. 

Paget’s disease (osteitis deformans), probably the 
commonest non-traumatic disease of bone seen in an 
orthopedic department, was described in some detail 
in 1876 by Sir James Paget. It has been described in 
animals, too, and is an etiological feature of canine 
osteogenic sarcoma, where it is much more common in 
some breeds than in others. The author of this study 
is clearly aware of the need to combine a knowledge 
of geographical pathology with genetics, comparative 
pathology and basic clinical observation in the eluci- 
dation of the most fundamental aspect of any disease 
—its natural history. 

A report on a clinico-pathological investigation of 
cancer of the cervix uteri concludes that: (1) beyond 
a certain dosage (irradiation) range the physical 
modalities of irradiation do not significantly alter the 
cure-rate for cancer of the cervix; (2) the clinical 
extent of the disease and such quantitative biological 
characters as Broder’s grade and size of tumour foci 
have a significant influence on the five-year survival- 
rate; (3) among the qualitative biological characters 
the histological type of the tumour and its ability 
to respond initially with an increase in differentiation 
profoundly affect the cure-rate; (4) systemic factors, 
of yet unknown character, can control the growth of 
persisting cancers for long periods. 

The same, or similar, methods of treatment, 
unmodified in essentials for perhaps 20 years or more, 
are in use in hospitals throughout Britain, and 
naturally their reports read much the same. At 
present the clinician subscribes to earlier diagnosis a 
well as better surgery, irradiation or chemotherapy 
as one of the principal means of improving results. 
Not in all cases is this meaningful; the patient with 
an enlarged lymph node due to lymphosarcoma has 
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both the earliest and the established pattern of the 
disease; the patient with a skin blemish can watch, 
if he wishes, the growth of a curable cutaneous 
cancer. Carcinoma of the lung is different from both; 
it produces symptoms (that is, something of which 
the patient complains) as a by-product of its naturally 
hidden position and will produce them when quite 
small should it simultaneously involve a blood vessel 
and a small peripheral bronchus, when blood-stained 
sputum may be expectorated, but commonly is 
measured in centimetres and produces the first 
symptoms due to remote spread. The size of a tumour, 
its duration or its clinical accessibility or visibility 
are not in themselves important in prognosis. The 
overriding factor is our knowledge based on experience 
of the natural history of each type of tumour. For 
example, the prognosis in the case of squamous cell 
earcinoma depends on which organ it primarily 
involves, and extrapolation from one species to 
another must be done with extreme caution. Never- 
theless, any basic studies of that neglected field— 
animal pathology—are most welcome. A complete 
understanding of tumour behaviour must include 
such knowledge, hence the work of Silver and Cater 
on the treatment of spontaneous tumours in animals 
by radiotherapy or by chemotherapeutic agents offers 
a little hope that research workers have not forgotten 
the value of comparative investigations. 

Prof. Bullough’s group at Birkbeck College con- 
tinue work on the diurnal mitotic rhythm of normal 
mouse epidermis, and conclude that it is due to the 
hour-by-hour variations in the ability of prepared 
cells to enter division and not to hour-by-hour 
variations in the numbers of cells preparing to 
divide; that the ability of cells to enter division 
depends on variations in the secretion-rate of 
adrenalin; and that these variations in turn depend 
on a degree of stress felt by the animal, stress being 
higher when a mouse is awake than when it is asleep. 
On this fascinating work one could build, with little 
imagination, a hypothesis accounting for human 
cancer as, in part, a psychological disorder. (This has 
been attempted in the past with no convincing 
success, but a careful psychosomatic approach to 
human cancer is worth while.) 

With the chemotherapeutic agents at present 
available, one of the practical problems is that of 
delivering a dose of a drug which will result in the 
death of tumour cells, but which is not lethal to the 
patient; drugs with a greater specificity towards 
tumours are being developed while, at the same time, 
techniques using existing drugs aim at better local- 
ization. Where the tumour is in a limb, this becomes 
a fairly simple matter of perfusion; where the growth 
is widely disseminated, the urgent problem is to 
preserve a bone marrow which can regenerate after 
severe depression or even total death of bone marrow 
following administration of chemotherapeutic agents. 
Techniques vary from using living foetal marrow from 
a fcetal tissue bank or the storage of the patient’s own 
aspirated marrow for later re-injection, to an 
ingenious technique reported by Starr in New South 
Wales, where the patient's aspirated marrow is 
injected into a drill-hole in the tibia after a tourniquet 
is applied, only to be released efter an otherwise lethal 
intravenous dose of cytotoxic drug has become fixed 
or eliminated, in 1-3 hr. 

At Makerere College, Uganda, animal tumours are 
investigated by exfoliative cytology, many tumour 
cells being studied to greater advantage when 
flattened on glass slides than in paraffin sections. In 
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the case of the transmissible (venereal) tumour of the 
dog it has been found that the round cells infiltrating 
the lesions are plasma cells, frequently binucleate with 
a ‘mirror image’ pattern. In enzootic hematuria of 
cattle (a disease characterized by progression of 
papilloma of the bladder to carcinoma) investigations 
have confirmed the findings of some Turkish patholo- 
gists, and support a viral origin of the condition. 
These cytological observations show that the bovine 
urinary bladder has secretory function. Well-known 
virus diseases of i ine distemper and 
infectious pneumonitis of cats—are now being investi- 
gated by this rapid method of study. 

As for many years past, the report provides plenty 
of evidence of the widespread use of physical tech- 
niques involving radiation and radioisotopes; this 
year there is evidence of the rapid extension of 
diagnostic and research uses of the latter in remote 
parts of the world. But there is little which is suffi- 
ciently novel to require mention. Hospital physicists, 
perennially suffering from erratic radiation back- 
ground, will be interested to know that, at the Royal 
Cancer Hospital, an attempt is being made to build a 
low-background room on a small outlay of money. 
Chalk in paper bags, 2 ft. thick, is being used for this, 
the inner surface of the room being lined with }-in. 
aged lead. Another development which looks like 
being of practical importance is taking place at the 
Middlesex Hospital, where the radiation-induced 
destruction of the fluorescence of quinine sulphate is 
being investigated as a method of measuring y- and 
X-ray dosage. The results suggest that doses of 10 
rads or even less can be estimated with good accuracy ; 
it will be interesting to hear further of this work. 

Among radiotherapeutic developments note should 
be taken of the Royal Cancer Hospital’s use of solid 
sources which have been made radioactive by neutron 
bombardment. These include a Souttar’s tube, for 
treatrnent of the cesophagus, made of silver-plated 
nickel wire containing a core of gold; and two 
laryngectomy tube applicators of copper-nickel alloy, 
giving, after activation, a dose-rate of the order of 
200 rads/hr. The Department of Radiotherapeutics 
at Cambridge has continued its efforts, noted here 
last year, to use the selective uptake of tritiated 
‘Synkavit’ in cancer as a therapeutic measure. 
Information is given on methods of administration, 
dosage, and means for increasing selective concentra- 
tion. Information is also given on the degree of selec- 
tive uptake in various types of tumour-tissue as com- 
pared with bone-marrow. Investigations, subject to 
the usual limitations, have been made on patients and 
the results are so far inconclusive. On the other hand, 
paralle! investigations on animals which are also 
reported look promising. A similar line of investiga- 
tion is reported from the Sheffield Regional Radio- 
therapy Centre, where the selective uptake of radio- 
active zinc-labelled hzematoporphyrin has been 
investigated with encouraging results; however, no 
details are given. 

The Leeds centre is making a new approach to the 
study of bone mineralization. Attempts are being 
made to relate the transmission through bone of 
radiations of markedly different quality to the 
quantity of calcified bone lying in the path of the 
beam. Thulium-170 and cxsium-137 have been used 
in this work which, if successful, will make it possible 
to study bone mineralization by in vivo methods. 

D. G. 
I. 
A. L. L&VENE 
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EVOLUTION OF REGENERATION, AND ITS POSSIBLE BEARING 
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ON PHILOSOPHY 


EEDHAM! has recently criticized the view of 

Morgan and others that the distribution of 
regenerative capacities is not closely correlated with 
their adaptive value. This criticism, if accepted, can 
be used to answer one objection to the Neo-Darwinian 
interpretation of regeneration and its evolution. 
Other problems remain. Regeneration, when adap- 
tive, is a secondary adaptation; it is the adaptation 
of an adaptive embryonic sequence to the special 
conditions under which regeneration occurs, the 
relation between the primary and secondary adapta- 
tion being one of likeness in the final developmental 
product, and often of unlikeness in the processes of 
development. A spectacular instance is the regenera- 
tion of the urodele lens. In cases such as this, it 
may fairly be assumed that regenerative processes 
are adaptive only if they restore a close copy of the 
part lost. This imposes a stringent condition for the 
selection of regenerative mutants, if the capacity for 
regeneration has evolved in this way. 

In the present state of ignorance about the genetic 
basis of regeneration, the following alternative 
assumptions appear open to orthodox evolutionists. 
The first alternative assumes that different or partly 
different groups of genes are active in regeneration 
and embryonic development, each set embodying 
different instructions for, for example, lens-making. 
On the other assumption, the same genes are involved 
in both cases, causing different developmental pro- 
cesses in different circumstances. 

The first alternative implies a highly improbable 
convergence in the evolution of embryonic and 
regenerative development, with close correspondence, 
at different evolutionary stages, between the end- 
products of independently varying gene assemblies. 
Such an ontogenetic convergence, maintained through- 
out an evolutionary series, would be less compre- 
hensible, on the assumption of random genetic 
change, than convergent evolution between different 
species, where the resemblances are less exact. 

On the alternative assumption, the evolution of 
regeneration may be ascribed to selection for genetic 
changes which facilitate double-track development 
by the same genetic determinants. Such genetic 
changes are required: (1) to leave unchanged former 
developmental tracks, at least with respect to their 
end-product; (2) to initiate new tracks, the useful- 
ness of which depends on their leading to the same 
end-state as the old tracks. The same paradox 
arises here as on the assumption of independent 
genetic controls for embryonic and regenerative 
development: the paradox of ascribing the replication 
of identical structures, through different develop- 
mental processes, throughout an _ evolutionary 
sequence, to random genetic changes which have been 
selected. It is legitimate to doubt whether so exact 
a coincidence of results could have come about in 
this way. There seems to be no evidence for the 
occurrence of equifinal regenerative mutations, 


having the developmental effects outlined above. 
Equifinality or end-invariance, attained through 

variable precurrent events, is a pervasive property of 

life and the products of life*, from the cellular to the 


social and technological grades of organization. Its 
elucidation would probably be of philosophical 
significance, as offering the lure of the long-awaited 
solution of the mind/body problem, and of a general] 
concept of organic causation connecting final with 
efficient causes. The split between these may be 
linked with the dualism of spectator and participant, 
Activities which, to a spectator, appear determined 
by past causes, to their participants, appear aimed at 
future ends. While in atomic physics it has become 
necessary to emphasize the impact of the observer 
on the observed, in evolutionary biology it is necessary 
to note the impact, mediated by a common descent, 
of the processes studied on their students’ ways of 
thinking about them. Awareness of this impact 
implies an almost existentialist sense of personal 
involvement in evolutionary processes, out of which 
has somehow surprisingly sprung the human capacity 
for concern over evolution, past and future. What 
may be called a detached spectator’s view of evolution, 
the post factum assessment of evolution as determined 
by efficient causes, makes a coherent and compre- 
hensive theory of evolution impossible, so long as the 
relation between these efficient causes and the develop- 
ment of the capacity for future-directed action remains 
a mystery. (Darwin’s famous personification of 
natural selection, as the never off-duty scrutineer of 
variation, vividly reflects the view that the course of 
evolution has been determined by factors in principle 
observable by a sufficiently acute and unremitting 
onlooker. Another symptom of the spectator’s 
point of view, in Darwin and some modern writers 
on evolution, is the disproportionate emphasis on 
external adaptations to specific features of the 
environment, and the comparative neglect of the 
integrative and regulative capacities of the organism 
in development and self-maintenance.) 

All historical studies of past life are liable to be 
conducted from a spectator’s point of view, including 
the study of human history. One reason for this is 
that the working back from present to past, charac- 
teristic of all historical inference, reverses the natural 
order of events, and obstructs their evaluation from 
past to future, from the participants’ point of view. 

From our present grasp of the mechanisms of 
evolution, we can no more derive the evolution of 
purpose than from our present understanding of 
cerebral mechanisms we can derive either the ‘inner’ 
or ‘outer’ aspects of behaviour. Consequently, 
claims that Neo-Darwinism provides a coherent 
synthesis of all the known relevant facts are baseless. 
The interest and challenge of equifinality lie in its 
hint that we do not have to resign ourselves to this 
incoherence, and that the struggle for a unitary 
conception of unconscious organic processes and 
mental processes, within an evolutionary framework, 
may not be vain. Possibly these processes are not 
merely analogous, with respect to equifinality, but 
even homologous, in the sense of having a common 
evolutionary origin. There seems no compelling 
reason why the search for homologues of mind 
should be restricted to the field of behaviour. As 
Sinnott* and others have pointed out, the dividing 
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line between development and behaviour is a fine 
one. If behaviour is not fully describable in spectator- 
language, the same may be true for development. 
(This does not imply that developmental processes 
may be conscious. We learn from self-consciousness 
that some vital functions are directed at future ends. 
It does not follow that all future-directed pro- 
cesses are conscious. Consciousness may reveal one 
facet of organic functioning without constituting its 
essence.) This possibility cannot be excluded, so 
long as the problem of development, as at present 
eonceived—how the ‘genetic code’ is ‘made flesh’ 
and conditions the psycho-physical attributes of the 
adult—remains unsolved. In principle, the attempt 
to define ontogenetic precursors or rudiments of 
mind seems not less justified that the corresponding 
attempt in phylogeny. (Not on the ground that 
ontogeny repeats phylogeny, but on the ground that 
we should seek to connect Jater states of a system with 
earlier ones.) A conceptual bridge is yet to be built 
between the human zygote, considered as a bio- 
chemical system, and the purposiveness of the adult 
man, if the latter is to be explained partly as a conse- 
quence of the former. It is plausible to look for this 
bridge in the intervening processes of development, 
and especiaiiy in the interpretation of the ‘anticipa- 
tory’ appearance of development, the pre-functional 
elaboration of parts destined to become an integrated 
system of functional organs in the adult. No theory 
of development can be deemed satisfying which does 
not offer an explanation of this progressive realization 
of functions, just as no theory of the neuro-physiology 
of behaviour is satisfying which does not explain how 
the progressive realization of a future end-state is 
ible. (In neither case can selection theory provide 

a substitute for an analysis of the concurrent causes 
of this central feature of development and behaviour. 
That there has been selection for mechanisms which 
expedite future survival does not tell us what these 
mechanisms are. Disregard of this led to the nine- 
teenth-century error of substituting speculations 
about phylogenies for analysis of ontogenies. Develop- 
ment theory has been retarded first by being viewed 
exclusively through Darwinian spectacles, and more 
recently through Mendelian ones. Mendelism 
abstracted from the forward thrust of developmental 
processes, and concentrated on ccrrelating starting- 
points with end-points, parental phenotypes with 
filial phenotypes. Necessarily, the concept of the 
gene arrived at by these methods is inadequate as 
a basis for development theory. This abstractive 
tendency of genetics is re-inforeed by modern con- 
centration on the genetics of micro-organisms, 
with their relatively simple ontogenies. It is possible 
in the future that development theory will influence 
conceptions of genetics and evolution as deeply as it 
has hitherto come under their influence.) The 
temporal organization of vital processes, which makes 
meaningless any analysis of the organism-at-an- 
instant, presents similar patterns and problems for 
all the life sciences. Information theory has made 
farailiar the notion that organisms store up informa- 
tion from the past, both in their brains and their 
germ-cells. Possibly a similar generalization will 
prove fruitful with respect to the forward direction 
of organic processes, which often proceed as though 
organisms possessed information about the future, 
and may produce an adaptive end-result even in 
circumstances different from those encountered in the 
(phylogenetic) past—as when a normal adult develops 
from the fusion of two amphibian eggs. Unless 
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some generalized concept can be made to cover all 
instances of future-directed functioning, it is hard to 
see how the reference to the future involved in con- 
scious anticipation can be made intelligible in relation 
to its ontogenetic and phylogenetic history, and one 
possible ideal of theoretical biology will have to be 
abandoned. 
R. J. 
Department of Philosophy, 
University of Toronto. 
' Needham, A. E., Nature, 191, 720 (1961). 
* Russell, E. 8., The Directiveness of Organic Activities (1946). 
* Sinnott, E. W., The Biology of the Spirit (1956). 
* Barcroft, J., Brain and its Environment (1938). 


Dr. SPrILsBuRY renders a general service in bridging 
the gulf between philosophy and biology, and a special 
service to biology in focusing attention on regenera- 
tion as a critical test case of the ability of the Dar- 
winian theory to explain the mode of evolution. His 
suggestion that the genetic determination of regenesis 
(the process of regeneration) may be independent of 
that of normal ontogenesis 'also must interest bio- 
logists. Can we be sure that natural selection is a 
factor powerful enough to establish perfect converg- 
ence between the paths of these two morphogenetic 
processes, and also to maintain the perfection of the 
convergence throughout a long evolutionary series of 
changes in the final, adult form? As Spilsbury has 
further pointed out in correspondence, selection in 
favour of regenerative ability seems to be much 
weaker than that in favour of normal ontogenesis 
since, while the latter is inevitably demanded, the 
former is only possibly evoked in each individual 
life. Normal development is a sine qua non for 
propagation by the individual whereas often regenera- 
tion is called for only late in the reproductive phase 
of life. Consequently even if natural selection pro- 
vides an adequate explanation of the evolution of 
normal ontogenesis, it may not be adequate to explain 
the perfect convergence by regenesis. By the same 
token, however, if it should prove a sufficient explana- 
tion of the latter then we need have little doubt that 
it can explain the evolution of ontogenesis and of 
biological adaptations in general. 

An exact mathematical approach, by Fisher and 
Haldane in particular, has emphasized how small an 
advantage may have selective value for the individual, 
and survival value for the species. Successful regen- 
eration, even if called for in only a small percentage 
of individuals, provided it enables them to make a 
further small contribution to the size of the next 
generation may make just the difference between an 
assured survival and an inevitable extinction for the 
species. This is true even on the assumption that 
regenerative power is equal in all the individuals 
of a species, but there is also likely to be selection 
differentially in favour of individuals combining a 
high regenerative power with other advantageous 
characteristics. Moreover, regeneration is not so 
rare in the field’ as implied above and this is further 
supported by a recent census on populations of three 
species of Planaria. Between 25 and 50 per cent 
of the individuals of the different species were in 
process of regeneration at that moment, so that each 
individual is likely to be challenged several times 
during its life. Selection in favour of regenerative 
ability therefore is stronger than appears at first sight. 

The perfection of the convergence between onto- 
genesis and regenesis should not be overstressed. It’ 
is usually extremely good, but mistakes sometimes 
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occur and the lizard’s tail habitually regenerates 
rather a makeshift for the original structure. This 
may adequately serve its biological purpose, however, 
and the whole variety in degree of convergence is 
consistent with a natural selection basis. 

It must also be remembered that the power of 
regeneration is as ancient as that of ontogenesis 
itself, that asexual reproduction and other morpho- 
genetic processes grade into that of regenesis*, and 
that ontogenesis and regenesis have evolved together. 
step by step, throughout their long history. It 
would perhaps be surprising to find anything but 
quite close convergence between them. It also seems 
probable that in general the same genes control 
both. In arthropods abnormalities such as the 
regeneration of a leg in place of an antenna are 
paralleled by similar abnormalities of ontogenesis, 
and these are known to be determined in typical 
Mendelian fashion. Regeneration probably can be 
regarded as just a special case of what Wigglesworth® 
has called ‘developmental polymorphism’; the insect 
embryo produces a first set of legs and other organs, 
and then a new, imaginal set is produced at meta- 
morphosis. There are also other pieces of evidence 
that ontogenesis and regenesis are components of a 
common mechanism’, and we can scarcely regard the 
convergence between them as special evidence in 
favour of final causation. This does not affect the 
possibility that they, and all biological phenomena, 
show more general evidence of the operation of final 
eauses; but most biologists believe that natural 

lection could have produced the apparent purpose- 
‘alness in the many interesting cases discussed by 
E. 8S. Russell and others. Among these, internal 
homeostatic mechanisms do figure, of course, if not 
as frequently as external anatomical features. 

Final causation as usually understood is perhaps a 
problem purely for the philosopher, since it is scarcely 
amenable to the scientific approach. At the same 
time biologists must be as much concerned as philoso- 
phers in the problem of reconciling their respective 
approaches to the acquisition of knowledge. This 
problem stems largely from the differences between 
the axiomatic premises of the two approaches and, 
so long as these remain, it is not reasonable to 
expect any ultimate integration of their views. 
By axiomatic law final causation, as usually under- 
stood, is ruled out of the scientific court and no 
amount of subsequent pleading can bring it in again. 
It may be a reality, but it cannot be tested experi- 
mentally. 

Some biologists might regard natural selection as 
somewhat in the position of a final cause* in the sense 
that it has the appearance of acting in the manner 


December 30, 196! 


of a deus ex machina on the fundamenta’ pro: sspeg 
governed by efficient causes. It has the virts. of 
being a cause which can be investigated by observa. 
tion and experiment. For this very reason it is not 
@ final cause in the usual sense but may prove to be 
all we need to seek. It has been pointe-i out‘ that 
the conception of natural selection is just another way 
of saying that at every time and place only the \ iable 
systems survive: few would object to the view that 
the final cause of life is its viability. Survival of the 
viable, and extinction of all other, systems may be 
generalized into the principle that what actually 
occurs in each spatio-temporal context is the most 
probable event in that context. The viable auto- 
matically behave as though, directed towards the 
goal of survival. In the behaviour of the higher 
animals this has become very purposeful in appear. 
ance. The anticipatory character of ethological 
responses and of ontogenesis certainly appears 
purposive to an observer but it should be remem. 
bered that these activities are largely recapitulatory 
of past experiences, of the individual and the species 
respectively, and are not purposive aims at entirely 
novel objectives. 

The ‘most probable’ conception of final causation, 
originating entirely from within a biological outlook, 
could ultimately provide a coherent and comprehen- 
sive account of evolution which might meet the 
requirements of philosophers. At the same time it 
discourages the idea that there is necessarily a sharp 
psychophysical dualism in the phenomenon of life. 
Spilsbury believes that this dualism also corresponds 
to one between subjective and objective experience, 
but it is perhaps debatable if our subjective experience 
is anything beyond an objective study of ourselves. 

Dr. Spilsbury raises a number of minor issues 
which many biologists might wish to take up, but it 
would be wrong to obscure his main thesis by pur- 
suing them here. There are also one or two puzzling 
passages, such as the apparent contradiction between 
the two properties demanded of any prospective 
change in the genetic control of regeneration, and 
some unguarded phrases such as “‘organic causation”, 
“expedite future survival” and “ . . . ‘inner’ and 
‘outer’ aspects of behaviour”. 
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1 Needham, A. E., Proc. Zool. Soc. Lond., 123, 111 (1953). 

* Needham. A. E., New Scientist, 12, 284 (1961). 

* Wigglesworth, V. B., Principles of Insect Metamorphosis (Cambridge 
Univ. Press, 1954). 

* Needham, A. E., Quart. Rev. Biol., 34, 189 (1959). 


COMPARATIVE EFFECTS OF WET AND DRY FEEDING ON THE 
UTILIZATION OF PROTEIN BY CALVES 


By A. M. RAVEN and K. L. ROBINSON 


Chemical Research Division, Ministry of Agriculture for Northern Ireland, and Agricultural Chemistry 
Department, Queen’s University, Be 


T is generally accepted that when liquid milk is fed 
to young calves it by-passes the rumen and reticu- 
lum, by means of the cesophageal groove', and enters 
directly into the abomasum. This permits the food 
to undergo monegastric digestion. The recent trend 


towards the early weaning of calves by a system 
involving dry feeding of concentrate meals is associa- 
ted with the early development of a functional 
rumen. However, fermentation in the rumen is & 
relatively inefficient process, which penalizes the 
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Table 1. 


Diet X Diet ¥ 


edients 
crude protein, 6-99 per cent of dry 
Flay ceru crude fibre, 35-5 per cent of dry 
matter) 
Spray-dried, separated-milk powder 
Fatted milk powder * 


25 25 
20 

barl 30 7 
Rolled barley 10 
15 


Barley meal 10 
White fishmeal 18 
atted milk powder was prepared by the homogenization of 
oil with liquid separated-milk, followed by spray 
drying in a commercial plant to produce a powder containing 50 per 
cent of fat. 


utilization of those carbohydrates which are capable 
of being well assimilated by monogastric digestion. 
It seems likely that even when calves are receiving 
hay, and behaving as functional ruminants, the 
feeding of the concentrate part of their diet as a gruel 
enables this food to bypass the rumen. If the carbo- 
hydrates are then more efficiently utilized than when 
fed dry this should increase the available energy of 
the diet, and thereby improve nitrogen retention*. 
It was therefore decided to examine the comparative 
effects of wet and dry feeding on the nitrogen balance 
of calves. 

Four ruminating Ayrshire bull calves, approxi- 
mately 14 weeks old and housed in metabolism 
crates, were used for the investigation. Two diets 
were made up as shown in Table 1, the hay being kept 
separate from the other components. Chlortetra- 
ceycline (17 mgm. per lb. of diet) and supplements of 
trace minerals and vitamins A, D,;, E and the B 
complex were included. Each diet was allocated to 
two calves. In all the balance periods (periods 7, 8 and 
9) the daily allowance of meal for each calf (1,050 gm.) 
was given in two equal feeds, at 9 a.m. and 5 p.m. 
The daily allowance of chopped hay (350 gm.) was 
given immediately after the morning feed. For the 
first and last parts of the experiment (periods 7 and 9), 
the 525 gm. of meal for each feed was mixed with two 
litres of warm water and bucket-fed immediately. 
During period 8, the meal was fed dry, followed by 
two litres of warm water per calf. Each balance 
period of eight days was preceded by a preliminary 
period of six days. The collection and analysis of 
feces and urine were carried out as previously de- 
scribed’, except that fecal nitrogen determinations 
were made on composite wet samples at the end of 
each period. 


Table 2. COMPOSITION AND DIGESTIBILITY OF DIETS, 
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The effects of dry and wet feeding on the mode of 
absorption of the carbohydrates were studied at the 
end of periods 8 and 9 by measuring the changes in 
reducing sugars of the blood following a normal meal, 
and also one containing in addition 200 gm. glucose. 
The reducing sugars were determined by King’s 
method‘ on samples of blood taken at 0, 14, 3, 6 and 
8 hr. after feeding. 

It is evident from the results in Table 2 that the 
retention of nitrogen by each calf was markedly lower 
with dry feeding than with wet feeding. Since dry 
feeding was associated with a somewhat greater 
digestibility of the crude protein, the differences in 
nitrogen retention were due to differences in the extent 
to which absorbed nitrogen was retained. It should 
also be noted that the efficiency of nitrogen retention 
was much higher on diet Y (the high-fat diet) than on 
diet X, with each method of feeding, suggesting that 
lack of available dietary energy was at all times 
an important factor in limiting the retention of 
nitrogen. 

From the changes in reducing sugars of the blood 
1} hr. after feeding the respective meals without 
added glucose (Table 2), it is evident that all four 
calves showed appreciable rises following wet feeding 
compared with much smaller changes after dry feed- 
ing. This difference in response to wet and dry feeding 
supports the view that wet feeding enables a con- 
siderable proportion of the food to pass directly into 
the abomasum, whereas dry feeding is associated with 
entry of the food into the rumen, with subsequent 
fermentation. Lactose has previously been shown to 
be capable of producing an appreciable rise in reducing 
sugars of the blood’, and since the single feed of each 
diet would supply an estimated 70 gm. of lactose, 
some of the response must have come from this 
source. 

Further evidence is provided by the results obtained 
when 200 gm. of glucose were added to the food. 
Calves 1, 2 and 3 showed little or no response to the 
added glucose with dry feeding, but very marked 
responses with wet feeding. In the case of calf 4, 
although there was an appreciable rise in blood 
glucose following dry feeding, this was greatly 
increased with wet feeding. 

It is of interest to note the greater rises in blood 
sugar on the high-fat diet since this has also been 
observed in studies of human nutrition‘. 


NITROGEN BALANCE, AND BLOOD REDUCING SUGARS 


! 
Composition of diets (dry matter basis) Diet X | Diet Y 
Crude protein (per cent) 25-7 243 
| Ether-extractable material (per cent) 2°49 24-0 
Calf 1 Calf 2 Calf 3 Calf 4 
178 149 161 167 160 179 136 159 174 188 
ye- f calf* (Ib. 158 167 
Method of Wet Dry Wet Wet Dry Wet Wet Dry Wet Wet Dry Wet | 
nt digestibi f diets 
73-0 791 75°6 81-7 78-6 77°3 75:0 77-6 79°3 79-2 
Crude proteia (per cent) 83-0 79-9 82-5 85-5 81-7 81-6 82-7 80°9 80°3 84-0 
| | 51-7 «51-7 | 51-7 51-7 51-7 | 500 500 500 | 500 500 50 
Retention (gm./day) 665 101 14-9 10-2 13-4 23-7 14-4 25°65 17-2 
Retention (per cent of intake) 26-1 12-9 19-5 28-8 19-7 25°9 47-4 28-8 42°6 51-0 34-4 48- 
Blood reducing sugars 
lghr.afterfeeding(mgm./ 
ml.) 
| +2 +27 +11 +21 -4 +44 +7 +53 
Med +38 =2 +30 +6 +85 +44 +143 | 


| Meal + 200 gm. glucose 


* Mean of initial and final weight for each period. 
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It seems that the feeding of the meal part of each aay 1S, petiners, x Res. Exp. Rec. Min. Agric, 


of these diets in the form of a gruel enabled a large 
proportion of it, if not all, to by-pass tho rumen. 
This was associated with markedly better utilization 
of dietary protein, presumably brought about mainly 
by a more efficient use of dietary energy. 

’ Roy, J. H. B., Dairy Sci. Abst., 20, 1 (1958). 


* Raven, A. M., and Robinson, K. L., Brit. J. Nuér., 12, 469 (1959), 
‘ . E. J., Micro-analysis in Medical Biochemistry, 20 (J. and 4. 
hurchill, Ltd., London, 1946). 
* Dollar, A. a and Porter, J. W. G., Nature, 179, 1299 (1957), 
* Bell, G. Davidson, J. N., and Scarborough, H., Teztbook oj 
and Biochemistry (E. and 8. Ltd., Edin. 
burgh and London, 1959). 


INFLUENCE OF AGE OF MICE ON THE RECOVERY FROM 
EXPERIMENTAL SENDAI VIRUS INFECTION 


Dr. 


LEON SAWICKI* 


National Institute for Medical Research, Mill Hill, London, N.W.7 


HE view is now prevalent that Sendai virus! 

(Myaxovirus parainfluenzae 1)* persists in labora- 
tory mice mainly in the Far East. Attempts to pro- 
duce a persistent infection in mice, carried out by 
C. H. Andrewes and me’, were unsuccessful. Intra- 
nasal infection occasionally caused lethal pneumonia, 
but among animals which recovered it was observed 
that adult mice eliminated the virus much earlier 
than the suckling ones. This indicated that the 
recovery process in very young mice might be 
handicapped. 

In order to study this further 4 weeks old mice 
were inoculated intranasally with 0-05 ml. and suck- 
ling mice infected during the Ist day of life with 0-01 
ml. of allantoic fluid containing 100 HID,,/ml. of 
Sendai virus. Five adult mice along with 5 sucklings 
were killed 4 and 6 days and daily from 8 to 15 days 
after infection. The presence of virus was checked by 
sub-inoculation of the lung extracts from individual 
mice into 11-day-old chick embryos. The results of 
this experiment are shown in Table 1. In adult mice, 


Table 1. PERSISTENCE OF VIRUS IN ADULT AND SUCKLING MICE AT 
VARIOUS TIMES AFTER INFECTION 
Numerator: number of mouse lungs yielding virus. Denominator: 
number of mouse lungs tested 
Mice Days after infection 
4 6 8 9 10 11 #12 #18 #«14~«15 
Adult 5/5 HH 0/5 0/56 O/5 oe 0/5 
Suckling 5/5 5/5 5/5 5/5 5/5 3/5 1/5 4/5 1/5 O/5 


virus was no longer recovered after the 8th day of 
infection, whereas in suckling mice virus was detect- 
able up to 14 days, the titres being high up to the 9th 
day after infection (ID,,. tests in pieces of chick 
chorioallantoic membrane‘). In the same experiment 
sera of adult mice were tested at various times after 
infection for the presence of hemagglutination 
inhibition antibodies. No antibody was found. Lung 
extracts of infected adult mice contained small 
amounts of viral antibody as measured by the 
hemagglutination inhibition test from the 8th day 
after infection (Fig. 1). No antibodies were found in 
lung extracts of the suckling mice up to the 15th 
day after infection. While one cannot exclude the 
possibility that local hemagglutination inhibition 
antibodies might have influenced the elimination of 
virus in adult mice, it is difficult to support this 
explanation in the case of suckling mice which 
eliminated virus by the 15th day after infection 
despite the complete lack of any detectable hem- 
agglutination inhibition antibody in their lungs. 
* Present address: State Institute of Hygiene, Warsaw. 
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Days after infection 
Haemagglutination inhibition (HI) antibodies in lung 


Fig. 1. 
extracts of = mice at various times after infection. Mean 
titres of five lungs individually tested 


There are reports which indicate that an important 
role in recovery from primary viral infections may be 
played by interferon’-*. In this connexion it is of 
interest that recovery from viral infection can occur 
in the absence of any antibody formation, for example, 
in the chick embry: .’. or in the presence of only traces 
of antibody, for example, in patients with hypo- 
gammaglobulinemia’. 

Experiments were therefore set up to compare 
interferon production in experimentally infected 
adult and suckling mice. Three animals of each 
group were killed 2, 4, 6 and 8 days after infection. 


5+ SUCKLING MICE 
8 ADULT MICE 
e 
1} 
i i 1 
2 4 6 8 
Days after infection 


Fig. 2. Virus titres in lung extracts of adult and suckling mice 
at various times after infection. Pools of three lungs tested at 
day indicated, mean titres of four experiments 
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ADULT MICE 


Interferon titre 


2 4 6 8 
Days after infection 


Fig. 3. Interferon titres in lung extracts of adult and suckling 

mice at various times after infection. Pools of three lungs tested 

at day indicated, mean titres of three experiments. Titres shown 

as the reciprocal of the dilution of lung extract causing 50 per 
cent reduction in the virus plaque counts 


The lungs taken at each time-interval were pooled and 
extracts prepared. The amount of saline used for the 
extracts was adjusted according to the weight of the 
lungs. The material was tested for the amount of 
virus present (ID;, titrated in chick embryos) and 
interferon content (plaque reduction test in mouse 
embryo fibroblast monolayers infected with approx. 
100 plaque-forming units of encephalomyocarditis 
virus’). Four such experiments were carried out, and 
the combined results are presented in Figs. 2 and 3. 
As can be seen from the graphs, the virus titres were 
higher in suckling mice, and interferon content lower 
than in the infected adults. No significant differences 
in interferon content were seen at the early stage of 
infection but differences became evident towards the 
end of the infectious process—during recovery. 

As was indicated earlier, the speed of virus elimina- 
tion as an indicator of the recovery process in adult 
mice might have been influenced by locally produced 
antibody. In the lungs of the infected suckling mice 
no antibodies were found, and there is suggestive 
evidence from the experiments described here that the 
recovery process was influenced by the amount of 
interferon produced. The lower content of interferon 
in the lungs of the infected suckling mice could be 
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responsible’for both the higher virus titres during the 
course of infection and the longer persistence of virus. 
Differences in the course of both naturally and 
experimentally induced viral infections in young as 
compared with adult animals have been repeatedly 
described in the past and with few exceptions’ they 
indicated that younger animals were more susceptible 
to infection with many different viruses!!-*?, 
Acquired resistance of growing animals to certain 
neurotropic viruses in the absence of humoral anti- 
bodies or previous exposure to these viruses was 
described as early as in 1936 by P. K. Olitsky et al.™. 
The factors which might have influenced the refrac- 
tory state of adult animals were considered obscure. 
Very young mice showed a higher susceptibility to 
rabies virus infection thar adult mice, but only when 
fixed virus was used!*. In this connexion it is worth 
mentioning a recent finding that attenuated virus 
is a better producer of interferon than virulent virus?*. 
It has been found that during maturation of the 
embryo there is a steady increase in the sensitivity of 
the cells to interferon and in their ability to produce 
interferon®. The present results suggest that this 
process may continue during post-embryonic life 
and that this may be a factor governing the response 
to virus infection in young animals. 
1Sano, T., Nitsu, I., Nagakawa, I., and Ando, T., Yokohama Med. 
Buil., 4, 199 (1953). 
* Andrewes, C. H., Bang, F. B., Chanock, R. M., and Zhdanov, V. M., 
Virol., 8, 129 (1959). 
* Andrewes, C. H., Symp. Latency and Masking in Viral and Rick. 
Dis., 1 (Burgers, Minneapolis, 1958). 
* Fulton, F., and Armitage, P., J. Hyg., 49, 247 (1951). 
5 Isaacs, A., and Hitchcock, G., Lancet, ii, 69 (1960). 
* Isaacs, A., and Baron, 8., Lancet, ii, 946 (1960). 
* Baron, S., and Isaacs, A., Nature, 191, 97 (1961). 
* Sawicki, L., Baron, S., and Isaacs, A., Lancet, ii, 680 (1961). 
* Gross, P. A. M., Gitlin, D., and Janeway, C. A., NW. Eng. J. Med., 
260, 170 (1959). 
*° Sabin, A. B., Proc. Soc. Exp. Biol. Med., 73, 394 (1950). 
" Olitsky, P. K., Sabin, A. B., and Cox, M. R., J. Exp. Med., 64, 
723 (1936). 
12 Siegel, M. M., Ann. Rev. Microbiol., 6, 247 (1952). 
' Sabin, A. B., Ann. N.Y. Acad. Sci., 54, 936 (1952). 
* O’Connor, S., and Wagner, R. R., Proc. Soc. Exp. Biol. Med., 86, 
332 (1954). 
ad a C. H., and Harisijades, 8., Brit. J. Exp. Path., 36, 13 
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HUMAN PLACENTA AND KIDNEY 


By Dr. RAYMOND WILLIAM STEBLAY 
Department of Obstetrics and Gynecology, University of Chicago 


NE of the many theories of the etiology of 
O toxemias of pregnancy maintains that maternal 
antibodies formed against placental antigens may 
damage maternal glomeruli. In order to support 
this hypothesis, it would be desirable to demonstrate 
that human placenta and human glomerular base- 
ment membrane contain closely related antigens; 
and secondly, that the placenta has a mechanism 
by which these closely related placental antigens 
might vary sufficiently to ‘appear’ foreign to the 
mother so as to provide an antigenic stimulus. The 


antibodies formed against this antigenic stimulus 
could be expected to collect in the human glomerular 
basement membrane and initiate glomerular damage. 
This hypothesis is based on the premise that in order 
for antibodies to damage tissues, they would first 
have to be present in the affected tissues. Such anti- 
bodies could properly be called autoantibodies and 
this mechanism an autoimmune mechanism. 

Seegal reported that the rat’ and dog* placenta and 
kidney contain nephrotoxic antigens in common. 
Cruickshank and Hill* reported fiuorescein-labelled 
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Fig. 1. 
anti-human placenta fluorescein conjugates. 


tures do not stain. 
basement membrane fluorescein conjugates, 


rabbit anti-rat glomeruli serum stained connective 
tissue structures in various rat organs and was 
nephrotoxic for rats. Evidently nephrotoxic anti- 
bodies are part of the localizing antibodies. Since 
direct bioassay is not possible in man, the demonstra- 
tion of heterologous antibodies to human placenta 
which collect in human glomeruli would prove that 
human placenta and glomeruli share closely related 
antigens. Such localizing antibodies might be nephro- 
toxic. 

Since little is known about the relationship of 
antigens in human placenta and kidney, this investiga- 
tion was undertaken to determine if human placental 
antigens were present in human kidney and where 
such antigens were located, using the immunofluores- 
cent technique of Coons*. 

Human glomerular basement membrane was 
prepared as previously described’. The membrane 
was suspended in isotonic saline to a concentration 
of about 80 mgm. per ml. A 1:1 water-in-oil 
emulsion was made with Freund's adjuvant consisting 
of 85 ml. ‘Bayol F’, 15 ml. ‘Arlacel A’ and 200 mgm. 
Mycobacterium butyricum (Difco). 

A human placenta was obtained shortly after 
birth, freed from membranes and washed grossly 
free of blood. Minced placenta and isotonic saline 
were mixed in a Waring blender for several minutes 
and then incorporated into Freund's adjuvant. 
Additional saline was added until the final concentra- 
tion of placenta in the emulsion was about 1 gm./6 ml. 

About 6 c.c. of the human glomerular basement 
membrane emulsion and 30 c.c. of the placental 
emulsion were injected into individual sheep by 
intramuscular, intradermal and subcutaneous routes 
every 2 weeks. Each sheep was bled to death one 


week after the fifth injection. The sera were removed 
and stored in the deep freeze (— 15° C.) until needed. 

The globulin fractions were separated from the 
sera by half-saturation with ammonium sulphate 
or the cold alcohol fractionation method of Deutsch*. 
The y-globulin was conjugated to fluorescein isothio- 
cyanate according to Riggs’s method’. 
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The basement membranes of Gomera, 
Bowman's capsule and tubules show specific apple-green flnorescence which appears 
white in the photograph. Note the tubule opening into Bowman's space. Cellular struc- 


Identical results were obtained with sheep anti-human glomerular 
(x ¢. 525) 
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a Human kidney tissues wer 
4g obtained soon after autopsy or 
: 


VOL. 192 


from surgical specimens. Human 
placentas were obtained immedi. 
ately after birth. Portions of 
tissue were frozen in isopentane 
cooled by a mixture of dry ice and 
acetone, and sections 4 microns 
thick were cut in a cryostat. The 
fluorescein - conjugated antisera 
were passed through a ‘Dowex’ 
resin column and then absorbed 
with 150 mgm. of acetone-dried 
mouse liver powder per c.c. of 
conjugated serum. In addition, 
1 part of antiserum was absorbed 
with 2 parts of oxylated whole 
human blood. 

The absorbed antisera were then 
used directly to stain the tissue 
sections and careful controls were 
used as described by Coons‘. The 
slides were examined with a Leitz 
microscope fluorescence unit and 
permanent photographic records 
were made. 

Fluorescein-labelled sheep anti- 
bodies to human glomerular base- 
ment membrane or human plac. 
enta stained identical connective tissue structures in 
the kidney. These structures may be defined as the 
basement membranes of glomeruli, tubules, Bowman’s 
capsules and intertubular capillaries. Certain extra- 
cellular structures in the media and adventitia of 
arteries were also stained. The stained structures 
in the media of arteries might correspond to the 
basement membranes of smooth muscle cells accord- 
ing to Gersh*. The structures in the adventitia of 
arteries might represent irregularly condensed ground 
substance. 

Fluorescein-labelled sheep antibodies to human 
placenta and human glomerular basement membrane 
stained the placenta in similar manner. Specific 
staining was diffusely present throughout the entire 
connective tissue core of the villus with heavy con- 
concentration in blood vessel walls and in the sub- 
syncytial cell layer. 

Cellular structures in the kidney and placenta did 
not show specific staining. None of the control 
sections showed the specific apple-green fluorescence. 
An interesting incidental finding was the observation 
that autofluorescent internal and external lamine 
were not seen in placental blood vessels encountered 
even though some were of large size. 

The results of these preliminary experiments indi- 
cate clearly that human placenta and human glomer- 
lar basement membrane share a closely related anti- 
gen or group of antigens. Further, that the placenta 
contains an antigen or group of antigens which is 
present in various connective tissue structures of the 
kidney. 

The chemical] nature of the antigen (or antigens) 
is unknown. The areas that stain most intensely in 
the placenta and kidney with fluorescein-conjugates 
are also periodic acid—Schiff positive. Mature 
collagen is reported not to stain in rats? and man’, 
using anti-glomeruli fluorescent conjugates. It would 
seem unlikely that collagen fibrils are the antigen 
involved in the present investigation. 

In general, nephrotoxic sera have been shown to 
stain many connective tissue structures of many 
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organs in vitro® but to be largely confined to glomeru- 
lar basement membranes in vivo?, 

Since anti-rat and anti-dog placenta sera have been 
shown to be nephrotoxic, and nephrotoxic sera are 
always localized on the glomerular basement mem- 
branes in vivo and in vitro, it would appear reasonable 
to speculate that anti-human placenta sera which are 
localized on human glomerular basement membrane 
in vitro might also contain glomerular-damaging 
antibodies among the localizing antibodies. Certainly 
absence of localization on the human glomerular 
basement membrane by anti-human placenta sera 
would be substantial evidence against glomerular- 
damaging antibodies being present. 

Recently, Dixon™ has shown that repeated intra- 
venous injections of foreign protein produces glomeru- 
lar damage in rabbits by means of antigen-antibody 
complexes. These complexes become localized in 
and damage glomeruli without any immunological 
specificity for kidney antigen. This alternative 
method of damaging glomeruli would have to be 
considered in the etiology of toxemias of pregnancy 
because placental antigens might continually leak into 
the maternal circulation and form antigen-antibody 
complexes which become localized in glomeruli 
for non-immunological reasons and damage them. 

Although the basement membranes in many 
organs may coatain antigens in common with the 
maternal human glomerular basement membrane, 
the placenta is unique during pregnancy. The 
placenta is the only organ in the body which has the 
capacity to vary its antigenic structures by paternal 
contribution to its composition. This variation may 
be sufficient to cause some of the antigens to 
appear ‘foreign’ to the mother yet sufficiently related 
to cause the antibodies produced to cross-react with 
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closely related antigens in the human glomerular 
basement membrane and produce glomerular damage. 
Since the human placenta may be considered a highly 
vascular structure, rich in antigens closely related to 
human glomerular basement membrane, it is possible 
that such antigens, slightly altered, could enter the 
maternal body and act as an antigenic stimulus. 
In such cases the maternal human glomerular 
basement membrane might act as one of the most 
important and vulnerable target organs. 

These preliminary experiments will be reported in 
greater detail elsewhere’. 

This work was supported (in part) by grant 
H-4785 from the National Institutes of Health, 
U.S. Public Health Service, the Chicago Heart 
Association and the Schering Corporation. I would 
like to express my gratitude to Dr. M. Edward Davis, 
Department of Obstetrics and Gynecology, and Dr. 
Edward Henderson, Schering Corporation, for their 
interest and support in this work, and Dr. F. H. 
Fitch, Department of Pathology, for the use of 
facilities. 
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ABNORMAL GLOBIN FORMATION IN HUMAN MEGALOBLASTS 


By Pror. AUSTIN S. WEISBERGER and ERNEST P. NOBLE 


Department of Medicine and Department of Biochemistry, School of Medicine, 
. Western Reserve University, Cleveland, Ohio 


HE following work was undertaken to determine 

whether altered production of globin could be 
induced in human megaloblasts by exposing them 
m vitro to nucleoproteins derived from sickle-cell 
anemia. More than thirty biochemically distinct 
characteristics have been successfully introduced into 
bacteria by exposing them to deoxyribonucleic acid 
(DNA) derived from homologous species'. Similar 
work on mammalian cells has been hampered by 
the obvious difficulties of using such cells as compared 
with bacteria and also by the difficulty of demon- 
strating that a successful transfer of genetic informa- 
tion has occurred. The abnormal hemoglobins, how- 
ever, provide an approach to such investigations. 
They are, at present, une only well-investigated 
system in human biochemical genetics where it can 
be shown that mutations produce demonstrable 
alteration in a protein molecule. Thus, Ingram has 
shown that sickle-cell hemoglobin differs from normal 
hemoglobin by the substitution of valine for glutamic 
«id in a specific peptide of the B-polypeptide chain?-*. 
Abnormal amino-acid sequences have now been shown 
for a number of genetic hemoglobin diseases*-* and 
could therefore serve to indicate successful transfer 
of genetic information. 


Megaloblasts were chosen because they are arrested 
at a primitive stage and might be susceptible to the 
influence of genetic material during maturation. 
Sickle-cell anemia was chosen as a source of the 
nucleoproteins because it is the most readily avail- 
able source of the genetic hemoglobin diseases. 

Marrow was aspirated from patients with sickle- 
cell anemia, the DNA extracted with 2 M sodium 
chloride, deproteinized with deoxycholate and 
isolated by precipitation with 95 per cent ethanol. 
The final product was a highly viscous material 
containing 5-10 per cent ribonucleic acid and 
a similar amount of protein in addition to the 
DNA. No further attempt was made to remove 
these substances because of their potential con- 
tribution to transforming activity. This material 
was dialysed against 0-1 M sodium chloride and 
0-05 M sodium citrate in the cold for 24 hr. and 
incubated with megaloblastic bone marrow. Each 
incubation mixture contained 10 ml. of sternal 
marrow aspirated from a patient with megaloblastic 
anemia and 10 ml. of S-15 tissue culture fluid® which 
was supplemented by 5 mgm. heparin, 0-50 mgm. 
folinic acid, 0-10 mgm. vitamin B,,, 20,000 units peni- 
cillin and 0-12 uc. (80 ugm.) of ferrous citrate (iron-59). 
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Fig. 1. Tiselius electrophoretic pattern of hemoglobin derived 
from megaloblastic marrow incubated with and without sickle cell 
nucleoproteins. A single peak was observed in the control whereas 
an additional component (z) appeared in the experimental hemo- 
globins. (Phosphate buffer, pH 6-9, ionie strength 0-1) 


To the experimental flask was added 2 mgm. of sickle- 
cell nucleoproteins dissolved in 2 ml. of 0-9 per cent 
sodium chloride. The control incubation mixture was 
identical except that an equivalent volume of saline 
was substituted for the nucleoproteins. Incubation 
was carried out for 24 hr. at 37° C. with gentle 
agitation and the reaction terminated by the addition 
of deoxyribonuclease and 0-01 M magnesium sulphate. 
The cells were sedimented by centrifugation at low 
speed and wi...cd 4-6 times, sedimenting each time 
from about 4 volumes of 0-9 per cent sodium chloride. 
The cells were lysed by freezing and thawing and the 
cell ghosts were removed by centrifugation at 30,000g 
for 30 min. The resultant hemoglobin solutions were 
dialysed for 3 days against 0-001 M phosphate buffer, 
pH 7-2, with three changes of buffer 
followed by high-speed centrifuga- 
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ponent demonstrable by Tiselius electrophoresis ig jp. 
dicated in Fig. 1. Elvtion of an abnormal component 
from a carboxymethy! cellulose column?!® was achieved 
by establishing a pH gradient with 0-01 M phosphate 
buffer. This abnormal hemoglobin component (III, 
Fig. 2) closely resembled sickle-cell hemoglobin in itg 
elution behaviour. No difference has been observed 
between control and experimental carboxymethy| 
cellulose elution patterns of hzmoglobin when 
megaioblastic marrow was incubated with DNA 
derived from normal marrow. 

The abnormal component was concentrated by 
evaporation of the eluates, dialysed in the same 
manner as described, and a peptide analysis per. 
formed. Since there was no comparable peak in the 
control, the peptide composition of the abnormal 
component (III, Fig. 2) was compared with the 
peptide composition of hemoglobins derived from 
peaks I and II in both the control and experimental 
samples. Peptide fingerprints of the hemoglobins 
were carried out by the procedure of Ingram! usi 
the modified digestion method of Anfinsen et al.1, 
Samples were run in pairs under identical conditions 
using the same quantity of hemoglobin. Two 
peptides which are not demonstrable in any other 
fraction were present in the fingerprint of the 
abnormal hemoglobin (A and B, Fig. 3). This peptide 
fingerprint does not, however, resemble that derived 
from sickle-cell hemoglobin where the abnormal 
peptide is found in juxtaposition to peptide No. 4. 
Neither does it resemble the peptide pattern of foetal 
hemoglobin when compared with fingerprints of cord 
blood obtained by the same technique. An identical 
abnormal peptide pattern was obtained in another 
experiment of this type using similar conditions. 

The possibility therefore exists that the megaloblasts 
can be induced to form a new hemoglobin as the 
result of altered peptide synthesis and that therefore 
a phenotypic alteration or mutant has been produced. 
The electrophoretic behaviour of the abnormal com- 
ponent and its elution from carboxymethyl cellulose 
columns closely resemble those of sickle-cell hemo- 
globin but the peptide analysis is distinctly different. 
It may be postulated that such a mutant could be 
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tion was detected by various electro- 
phoretic procedures, ion-exchange 
chromatography and peptide analy- 
sis. An unexpected and consistent 
finding was that the radioactivity 
present in the hemoglobin derived 
from marrow incubated with the 
nucleoproteins was 2-4 times that 
present in the control samples. 
Thus, in the experiment reported in | 
this article, 0-8 per cent of the iron- 
59 added was incorporated in the 
control as compared with 2-35 per 
cent incorporated in the experi- 
mental. 

The electrophoretic mobility of 
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the hemoglobins was first compared 25 


on either agar-gel or starch-gel and 
by moving boundary electrophore- 
sis. Abnormal components were 
demonstrable in the experimental 
hemoglobin solutions as compared 
with the control samples in five of 
nine experiments. One such com- 


50 75 100 125 50 
Fraction Number 


Fig. 2. Separation of hemoglobin components of megaloblastic marrow incubated with 
and without sickle-cell nucleoproteins. Approximately 150 mgm. hemoglobin described 
in Fig. 1 were introduced on to a carboxymethy! cellulose column (52 x 1-3 cm.) and the 
hemoglobins separated by elution with 0-01 M phosphate buffer (pH 6-8-8-0). 4-0-ml. 
aliquots were collected at flow-rates of 20 ml. per hour. Hemoglobin concentration was 
measured at 580 mz. An abnormal component (TII) was demonstrable in the ‘experi- 


mental’ as compared with the control 
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Fig. 3. Fingerprints of trypsin and chymotrypsin digests of hemoglobin components 
separated Paper electrophoresis 
of fraction II (left) and III (right) of the ‘experimental’ components applied at the origin 
(0) was carried out in the horizontal direction (cathode on the left), in pyridine /glacial 
acetic acid/water (10 : 0-4 : 90), pH 6-4 buffer, followed by paper chromatography in the 
vertical direction (ascending) using butanol/acetic acid ‘water (3 : 1:1) as solvent. Two 
peptides are demonstrable in the abnormal hemoglobin component (A and B). No 
similar peptides were present in the other fractions 


on carboxymethy! cellulose cclumns described in Fig. 1. 


produced by nucleoproteins entering the cell and suc- 
cessfully competing or interfering with normal inform- 
ation transfer within the cell. (In unpublished experi- 
ments carried out in this laboratory, using similar 
culture conditions described here, influx of phes- 
phorus-32-labelled DNA into rabbit marrow cells has 
been demonstrated'*.) It is unlikely that the abnor- 
mal hemoglobins are due to artefacts such as denatur- 
ation or altered pigment formation since a distinctive 
peptide pattern has been observed in two experiments 
where fingerprint characteristics have been investi- 
gated. Experiments investigating the exact nature of 
the agent producing tre change as well as structural 
considerations of the abnormal hemoglobin are in 
progress. 

In summary, abnormal hemoglobin formation can 
be induced in human megaloblastic marrow cells 
exposed to nucleoproteins derived from sickle-cell 
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anemia. The data are not suffici- 
ent to identify with certainty either 
the product formed or the agent 
producing these changes. The 
electrophoretic behaviour of the 
abnormal hemoglobin and _ its 
elution from carboxymethyl cellu- 
lose closely resembles sickle hemo- 
globin, but the peptide analysis is 
distinctly different. 

This investigation was supported 
by a research grant (C-—4944) from 
the National Cancer Institute, 
National Institutes of Health, 
United States Public Health Ser- 
vice. Portions of this article were 
presented at the seventy-fourth 
annual meeting of the Association 
of American Physicians, May 3, 
1961, and are published in the 
Transactions of the Association. 
We thank Drs. John Spizizen, Jack Pensky and 
Melvin Schoenberg for valuable advice and support. 


* Hotchkiss, R. D., in The Nucleic Acids, 2, ed. by Chargaff and 
Davidson (Acad. Press, New York, 1955). 

* Ingram, V. M., Nature, 178, 792 (1956). 

* Ingram, V. M., Nature, 180, 326 (1957). 

‘Ingram, V. M., Biochim. Biophys. Acta, 28, 589 (1958). 

* Ingram, V. M., Brit. Med. Bull., 15, 27 (1959). 

* Lehmann, H., and Agar, J. A. M., in The Metabolic Basis of Inherited 
Disease, ed. by Stanbury, Wyngaarden and Fredrickson (McGraw- 
Hill Book Co., Inc., New York, 1960). 

7 Sutton, H. E., ed. in Genetic Information and the Control of Protein 
‘or and Function (Josiah Macy, Jr. Foundation, New York, 


* Hunt, J. A., and Ingram, V. M., in The Biochemistry of Human 
Genetics, Ciba Foundation Symposium (Little, Brown and Co., 
Boston, 1959). 

* Bolande, R. P., Lab. Invest., 9, 475 (1960). 

*° Huisman, T. H, J., Martis, E. A., and Dozy, A., J. Lab. and Clin, 
Med., 52, 312 (1958). 

1 Anfinsen, C. B., sqrt. 8S. E. B., Cooke, J. P., and Jénsson, B., 
J. Biol. Chem., , 1118 (1959). 

12 Weisberger, A. S., J. Lab. and Clin. Med., 56, 957 (1960). 


MODE OF ACTION OF THE EFFERENT OLIVO-COCHLEAR 
BUNDLE ON THE INNER EAR 


By Dr. J. E. DESMEDT and Dr. P. MONACO 
Laboratoire de Pathologie générale, University of Brussels, Belgium 


HE Rasmussen olivo-cochlear bundle! represents 

the most peripheral part of a polysynaptic 
centrifugal system presumably responsible for control 
of acoustic input’?. It originates in cells of the 
superior olive complex and terminates close to the 
organ of Corti in the inner ear’. Direct faradization of 
the bundle is known to depress acoustic evoked re- 
sponses* and the results to be presented are concerned 
with the peripheral mechanism of this gating effect. 


In experiments on cats (pentobarbitone, chloralose / 


or high spinal] section; middle ear muscles stapediu 
and tensor tympani cauterized ; ‘Flaxedil’ infusion) the 
auditory nerve compound action potential (N,) 
evoked by clicks and the cochlear microphonic 
potential (CM) evoked by tone pips have been 
recorded through an electrode placed on the round 
window. Trains of electrical pulses were applied to 
the crossed olivo-cochlear bundle through bipolar 
stereotaxic electrodes (Fig. 1B) at known intervals 
before delivery of the testing sound (click or tone pip) 
to the ear. As illustrated in the upper row of records 


of Fig. 1C, effective stimulation of the efferent bundle 
produces two effects, namely, inhibition of the N, 
spike* and potentiation of CM (ref. 4). Our 
observations suggest that both effects are genuine 
and that they are simultaneously produced by a 
chemical transmitter released from the olivo-cochlear 
axon terminals. 

(a) Parameters. The two effects disclose propor- 
tional quantitative changes when the parameters 
of the preceding bundle stimulation are systematically 
modified. In the graph of Fig. 14, trains of 1-28 
pulses at 300/sec. were delivered to the bundle 
10 msec. before the testing sound: changes in N, 
and CM appear after the train of 6 shocks and increase 
in parallel with the number of shocks. 

(6) Dissipation. When the testing sounds are 
applied at increasing intervals after a standard 
train, of say, 20 pulses at 400/sec., N, suppression ¢ 
and CM potentiation appear maximal at the end 
of the bundle stimulation and dissipate exponentially 
with a time constant of about 0-15 sec. 
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OCB stim, (No. of shocks) 


Tone pip 


0-1 mgm./kgm. strychnine sulphate 


2ms. ] 50 pv. [ 10 ms. 


Fig. 1. Cat No. 4295. Middle ear muscles cut. Clicks or 3 ke./s. 
tone pips, 30 db. above acoustic threshold, were delivered to the 
ear 10 msec, after delivery of a train of electric pulses at 300/sec. 
to the crossed olivo-cochlear bundle (OCB). A, amplitude changes 
in cochlear microphonic (CM) and neural (.V,) responses to sound 
as a function of the number of shocks in the preceding train 
delivered to OCB. 8B, histological control: section (modified 


Bielchowsky) with prussian blue mark of tip of stimulating elec- 

trode in OCB, between the two facial genua. C, oscillograms 

(several sweeps superimposed) showing suppression of NV, spike 

and potentiation of CM, before and after strychnine. In the 

frames marked with a white dot, the sound was preceded by 
OCB stimulation 


(c) Neurepharmacology. The intravenous injection 
of 0-05-0-15 mgm./kgm. strychnine sulphate which 
abolishes the N, inhibition’ also eliminates the CM 
potentiation (Fig. 1C). The related alkaloid brucine 
produces the same antagonism to efferent bundle 
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effects. No changes have been observed with 
metrazol, picrotoxin, ammonium chloride, eserine 
or dihydro-$-erythroidine. 

For quantitative assessment, the changes in re. 
sponse voltage induced by bundle stimulation haye 
been evaluated in relation to the intensity function of 
responses to sound alone. In many experiments 
the maximal suppression of N, was_ strikingly 
powerful, being equivalent to a 24-decibels attennua. 
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’ tion of the sound energy. By contrast the maxima] 


CM potentiation only amounted to a 3 db. increase 
(Fig. 1A). The two effects are thus of a quite different 
size, but both have to be considered when discussing 
the mode of action of the efferent axons on the inner 
ear and the following implications seem warranted, 

(1) Since CM is generated in the hair cells of the 
organ of Corti®:? and is a ‘receptor’ potential’, the 
recorded CM potentiation implies that the efferent 
axons must go as far peripherally as the hair-cell 
membrane. This is a useful cue for electron micro. 
scope studies. 

(2) In view of the similar neuropharmacological 
properties, the efferent axons should manufacture 
and release the same inhibitory chemical transmitter 
as the axons responsible for post-synaptic inhibition 
in the cat’s spinal cord*. Both inhibition of NV, 
and potentiation of CM are ascribable to this trans. 
mitter (Fig. 1C). 

(3) The olivo-cochlear suppression of N, being an 
obvious case of post-synaptic inhibition would depend 
on stabilization and possibly hyperpolarization of 
the terminal membrane of the afferent auditory axon 
since the latter represents the post-synaptic compon- 
ent in the excitatory afferent synapse between hair 
cell and auditory axon (Fig. 2). 

(4) In order to account for the CM potentiation, we 
further suggest that part of the inhibitory transmitter 
is released on to the (pre-synaptic) membrane of the 
hair cell the resting potential of which would be in- 
creased by the usual selective change in ionic permea- 
bility. The CM receptor potential would thereby be 
potentiated since it is generated as a modulation of 
the hair cell resting potential (plus endolymphatic 
potential) by the acoustic transducer effect*’. This 
would be the first evidence for a lack of restriction of 
transmitter effect to the post-synaptic membrane. 
Such a phenomenon might only occur in special and/or 
primitive synaptic organizations. 

(5) The potentiation of the receptor potential is a 
paradoxical effect since the activation of the auditory 
axon by sound via the hair cell transducer is simul- 


hair cell 


efferent 
olivo-cochlear 
axon 


afferent 
auditory 
axon 


/ \ 


Fig. 2. Tentative di m of synaptic organization in the organ 
of Corti, as sugges by the physiological evidence discussed. 
Electron microscope data would appear compatible with the occur 
rence of two t of axon terminals at the base of the hair cell, 
but the efferent endings have not yet been precisely identified 
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taneously prevented (effect mentioned in 3), and the 
net result of efferent bundle activation is to gate out 
auditory input to the brain. 

This work was supported by the U.S. Air Force 
(AF 61(052)120) and by the National Institute of 
Neurological Disease and Blindness, U.S. Public 
Health Service (B2482). 
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CELLULAR DOSE AND AGE OF HOST IN THE INDUCTION OF 
TOLERANCE 


By Dr, L. BRENT and Dr. G. GOWLAND 
Department of Zoology, University College, London 


HERE has so far been no systematic study of the 

relationship between antigen dose and age of host 
in the induction of tolerance of tissue homografts. In 
previous experiments! conducted with mouse strains 
differing at the H-2 histo-incompatibility locus a 
constant number of adult spleen cells (4-10 x 10°) 
were injected into groups of mice of various ages and 
the decline of tolerance induction with increasing age 
was studied. This decline occurred in the first few 
days of life and was found to be very rapid: only 
13 per cent of A strain mice injected on the 4th post- 
natal day with CBA spleen cells showed any signifi- 
cant degree of tolerance when skin-grafted 6 weeks 
later. This kind of approach is open to the objection? 
that the antigen dose does not keep pace with the 
increase in weight of the young recipients; our latest 
experiments, of which a preliminary account is given 
here, were designed to re-investigate the age-depen- 
dence of induction of tolerance with this objection in 
mind. 

The mouse strains were identical with those 
previously used except that CBA/A hybrid cell 
donors were preferred to CBA donors in order to 
avoid the complications of graft-against-host reac- 
tions'. Spleen cells from hybrid donors were injected 
into 6 groups of A strain mice ranging in age from 
about 12 hr. to 13 days after birth. Each group com- 
prised 16-20 individuals, and all injections were made 
intravenously. In the youngest groups the sigmoid 
sinus or the orbital branch of the anterior facial vein 
were used'; in the older groups, one of the lateral tail 
veins. The dose of cells was 5 x 10°/gm. of body- 
weight (weight-adjusted dose) and the cell suspen- 
sions were prepared according to the method described 
previously. 

All mice were grafted with female CBA/A hybrid 
skin 55 days after injection. The grafts were inspected 
83 days later, that is, at a time when a first-set response 
can still be clearly distinguished from a second-set 
response, and they were observed for 100 days. The 
median survival time of control grafts (CBA/A 
hybrid skin on normal adult A strain mice) being 
12} days, the grafts were classified according to 
whether they survived for at least twice the mean 
survival time (25 days; Fig. 1) or 5 times the mean 
survival time (63 days; Fig. 2). 

The results are set out in Figs. 1 and 2 alongside the 
original (constant dose) data of Billingham and Brent. 
They show very clearly that, in the first week after 
birth, the injection of a weight-adjusted dose gave 
rise to a consistently higher proportion of tolerant 


animals. For example, in the 4-day-old group the 
proportion of tolerant mice rose from 13 to 85 per 
cent, and even in the 6-day-old group it remained at a 
relatively high level (45 per cent compared with 
0 per cent) (Fig. 1). Similar increases become evident 
when the data are plotted according to our more 
stringent criterion of tolerance (Fig. 2). Without 
doubt the use of a weight-adjusted dose added about 
4 days to the period in which tolerance could be 
induced in this particular strain combination. 

The second point emerging from these results is 
that the injection of a standard dose into 12- or 
13-day-old mice did not lead to induction of tolerance 
in a@ single mouse; on the contrary, a small proportion 


100 


u 


Tolerant mice (per cent) 


25 


1 T T T T 
0 2 4 6 8 10 12 14 
Age of A strain recipients (days) 

Fig. 1. Age-dependence of tolerance induction in A strain mice. 

Criterion of tolerance: skin graft survival at 2 x control median 

survival time (= 25 days). O ©, 4-10 x 10* parental strain 

(CBA) cells per mouse. @——— @, 5 x 10* F, hybrid cells (CBA/A) 
per gm. body-weight 
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0 2 4 6 8 10 
Age of A strain recipients (days) 


Fig. 2. Cor of tolerance induction in A strain mice. 

Calierion of tolerance: skin graft survival at 56 x control median 

survival time (= 63 days). O——O, 4-10 x 1e parents strain 

(CBA) cells per mouse. @—— @, 5 x 10* F, hybrid cells (CBA/A) 
per gm. body-weight 


of these mice gave a weak second-set response, that 
is, they behaved as if the allogeneic (= homologous in 
the old terminology; see Gorer, Loutit, and Micklem*) 
cells had sensitized them. 

The 1l- and 12-day-old mice in the experiments 
described so far were injected with doses of cells 
which, scaled down according to body-weight, would 
have been more than adequate to bring about 
tolerance in neonatal mice. In order to investigate 
still further the relationship between tolerance and 
immunological paralysis groups of 12-day-old mice 
were injected with up to 10 times the weight-adjusted 
dose of CBA/A hybrid spleen cells (max. 3 x 108). 
The results are summarized in Table 1. Of the 26 
mice not one was made tolerant by these massive 
stimuli and the mean survival-time of the grafts 
actually declined slightly with increasing dose, 
suggesting that larger numbers of cells sensitized 
more efficiently. (As the sensitivity elicited by 
allogeneic lymphoid cells declines relatively rapidly*:* 
a greater expression of sensitivity than that encoun- 


Table 1 
| No. of surviving grafts Ayes 
| Exp. Cell No. of ; ST 
No. dose mice 8 days | 10 days | 12 days | (days) 
| 6 WAD* 19 | #18 94 
| g |8xWaD 2 | 6 1 0 8 
| 10 | 6xWAD 2 0 - 
15 | 6xWAD 7 | 8 0 ~ 
17 |} 4xWADIv it 
6x WAD i/pt | 


* WAD, weight-adjusted dose = 5 x 10* cells per gm. body-weight 
= approx. 30 x 10* cells per mouse. 

+ I/p injection carried out on the following day. 

t Graft destroyed by the thirteenth day. 
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tered by us could scarcely have been expected.) Henge, 
confrontation of these mice with a single cellule 
stimulus, however large, did not lead to the induction 
of tolerance. 

It may be argued that the shift of the proportion of 
mice made tolerant in the first post-natal week is di. 
to the fact that in Billingham and Brent’s exper. 
ments parental strain cells rather than hybrid cells 
were used and that, in their experiments, the number 
of tolerant mice was therefore reduced by deaths from 
runt disease. Such an explanation is unconvincing, 
for a repetition of their experiments, using a constant 
number of CBA/A hybrid cells instead of CBA cells, 
is giving almost identical results. (This experiment is 
still in progress.) It is much more likely to represen; 
a true shift produced by the higher antigen dose, an 
explanation which obliges us to revise our concept 
of the “neutral” period*. Such a period would appear 
to exist, if at all, only in a relative sense; it evidently 
depends not only on the degree of genetic affinity 
between cell donor and recipient’:* but also on the 
number of cells injected. In other words, immuno. 
logical ‘neutrality’ for one antigen dose does not 
necessarily apply to another which is either larger or 
smaller—a conclusion which is in harmony with the 
observation that even new-born mice may be capable 
of immunological responses provided that they ar 
stimulated by rather small doses of allogeneic cells’. 
That tolerance induction during the ‘neutral’ period 
should depend on antigen dose is perhaps not too 
surprising in view of the fact that induction of toler. 
ance in new-born mice is also dependent on dose, 

The point which stands out clearly from our results 
is that induction of tolerance in very young mice is not 
simply a scaled-down version of the kind of immuno. 
logical unresponsiveness which can be brought about 


VoL. 192 


with soluble proteins in adult animals (for comprehen. | 


sive reviews, see Chase and Smith"-*). Experiments 
somewhat similar in design but concerned with the 
induction of tolerance of bovine serum albumin in 
rabbits have been described by Smith", who found 
that with weight-adjusted doses tolerance could be 
elicited at birth or 7 and 14 days later, but not when 
injection was delayed until 21, 28 or 40 days after 
birth. (See also the work of Dresser™ with mice.) 
Smith concluded that ‘‘ . . . the induction of tolerance 
during the neonatal period depends upon special 
conditions which are unique to this period of life...”. 
Our own results are not at al] at variance with this 
conclusion. 

Nevertheless, it is possible to interpret our results by 
stipulating that the difference between the neonatal 
or very young mouse and the adult mouse is quanti- 
tative rather than qualitative. Such an alternative 
interpretation is prompted by findings reported from 
several other laboratories. (1) Tolerance of male 
isogenic grafts can be brought about in adult females 
by a single intravenous inoculation of approx. 20 x 
10* male spleen cells'*. (2) If donor and recipient 
differ only at the H-3 histocompatibility locus, adult 
mice can be sensitized or rendered unresponsive to 
skin grafts depending on the number of lymphoid 
cells injected'® (1-5 x 10° cells sensitized, whereas 
2 x 10® produced unresponsiveness). (3) Adult mice 
can be made unresponsive, even when donor 
recipient strains differ at the H-—2 locus, if they ar 
injected intravenously and over a prolonged period of 
time with large numbers of spleen ceils!” (1-5 x If 
in 7 weeks). 


These observations could be accounted for by tl 
stem-cell theory of tolerance induction (see discussion 
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by Medaw ar'’). This theory postulates that all 
immature cells are susceptible to 
induction of tolerance, regardless of whether they are 
in the embryo or adult. The exposure of adult 
animals to antigenic stimuli should therefore set in 
motion two processes: sensitization of mature cells 
and induction of tolerance in immature cells. Toler- 
ance would normally be masked by the immune 
response, but if the sensitized cells were to be removed 
by some means (as for example by prolonged contact 
with the antigens) the lymphoid cell population of 
adult animals might be changed progressively from a 
redominantly sensitized to a predominantly tolerant 
one’*, Although nothing is at present known of the 
ificity or the mechanism of the striking effect 
described by Shapiro et al.'” (for example, is it due to 
central or efferent inhibition?) their experiments are 
open to this interpretation. That smaller genetic 
differences can be overcome by a much less-formidable 
antigen dose suggests the possibility that the number 
of sensitized cells involved in such a situation is 
considerably smaller. 

Our own results also could be accommodated by the 
stem-cell theory, the neonatal or very young mouse 
being vastly more amenable to induction of tolerance 
across the H—2 barrier than the ‘adolescent’ or adult 
mouse precisely because its population of lymphoid 
cells is still predominantly immature. The occurrence 
of increasing numbers of immunologically mature cells 
in developing animals would therefore be sufficient to 
account for the age-dependence of induction of toler- 
ance. The experimental evidence of Howard and 
Michie® certainly suggests that even the neonatal 
mouse may already have some immunologically 
mature cells. 

This alternative interpretation, according to which 
the difference between unresponsiveness in adults and 
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tolerance in neonatal animals would be one of strategy 
rather than of basic mechanism, is of course highly 
speculative. Simonsen’s*® observation that adult 
lymphoid cell populations may, in time, develop 
tolerance of the host’s tissue antigens while retaining 
the ability to respond to the tissue antigens of other 
mouse strains suggests that it may not be well 
founded; but much depends on the elucidation of the 
mechanism which underlies this observation. 

We wish to thank Prof. F. B. Medawar for his 
interest in this work and for his much-valued 
criticisms. 
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EXCRETION OF UNCRYSTALLIZED URINARY CALCULI COMPOSED 
OF GLYCOLIPO- PROTEIN BY NORMAL AND MUSCULAR 
DYSTROPHIC MICE 


By C. McGAUGHEY 
Medical Research Programs, Veterans Administration Hospital, Long Beach, California 


TRAIN 129 mice, susceptible to a hereditary 

myopathy’, excrete urinary calculi examples of 
which are reproduced in Fig. 1. These bodies have 
been located in situ, floating freely in the urinary 
bladder, and are probably vesical calculi. They 
may appear either hyaline or opaque and sometimes 
exhibit bizarre forms. The largest calculi, the maxi- 
mum length of which was 3-5 mm. (Fig. 1C), were 
obtained from two dystrophic male mice which were 
in @ more advanced stage of the disease than any 
of the other animals tested, with the hind legs 
extended and non-functional. Calculus excretion 
by one dystrophic and one heterozygous normal 
animal began at about three months of age. 

The rate at which the calculi are excreted is 
function of sex and of the presence or absence of 
muscular dystrophy (Table 1). The results shown 
are for representative animals ; however, all dystrophic 
males studied excreted calculi at a greater rate than 
any of the normal males, and normal females have 
never yet been observed to pass a calculus. Dystro- 


trophy and died during th 


phic females occasionally yielded tiny amorphous 
hyaline bodies. 


Sections were prepared for histochemical examina- 
tion by formalin fixation of the concretions followed 
by conventional paraffin block mounting, slicing 


Table 1. RATES OF EXCRETION a4 URINARY CALCULI BY STRAIN 129 
CE 
Collection Rate 
Type of Sex Age* period = 
mouse (months) (days) 10 days 
Normal M 5 61 1 
(Homozygous) 
M 36 0 
ormal F 3 36 0 
ormal M 5 36 4 
(Heterozygous) 
Normal F 5 29 0 
Heterozygous) 
ystrophic M 3 63 6 
Dystrophic M — 61 18 
Dystrophic M — 18 8 
Dystrophic F 5 36 0 


Age at collection was begun. 
, age unknown but bo mouse was in an advanced stage of dys- 
e collection period. 
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per cent easily extractable lipid (four extractions of 
30-45 min. each with 3:1 ethanol-ether at abou 
75° C.). About 20 per cent of the lipid was phos. 
pholipid as determined by conversion of inorganic 
phosphorus levels (methods of Fiske and Subbarow?) 
in lipid digests to ‘average’ phospholipid values 
according to Gortner‘. Cholesterol, assayed by the 


method of Searcy and Bergquist®, comprised approxi. g 
mately 10 per cent of the lipid. Both free and esteri. n 
fied forms were present but in varying ratio. Amide e 


nitrogen, analysed in N hydrochloric acid hydrolys. 
ates (4 hr., 100° C.) by the Conway diffusion method‘, 
constituted about 1-3 per cent of the lipid-free 
protein. Carbohydrate was present to the extent of a 
few per cent although the values have varied with the 


Fig. 1. Urinary calculi excreted by strain 129 mice. A, from 
homozygous normal mice; B, from 3-5 month-old male dystro- 


phic mice; C, from male dystrophic mice in a more advanced 

stage of the disease. (x c. 2) « 

and staining techniques. Photomicrographs of v 
portions of sections stained with various reagents are e 
shown in Fig. 2. An outer wall was usually apparent ee 
and was defined best with hematoxylin and eosin id 
stains (Fig. 24). The portion of the wall shown is 5 
much wider than was generally seen but serves to al 
illustrate certain smal! areas which stain blue with bi 
hematoxylin and appear dark in Fig. 2A. Since pt 
these areas did not react positively to Feulgen stain, “ 
they may represent minute zones of calcification h- 
rather than deoxyribonucleoprotein. The remainder ] P 
and by far the major portion of the concretion showed th 
only the light pink colour of the non-specific eosin. = 
A strongly positive periodic acid—Schiff reaction 
(Fig. 2B) was shown throughout the calculi, indicating I 
the presence of significant amounts of carbohydrate. 8 
Toluidine blue stain (Fig. 2C) showed thin sparse be 
concentric rings of orthochromatic material only near rs 
the periphery while the remainder of the section Ms 
reacted negatively to this stain suggesting that acid po 


mucopolysaccharides are not essential for the forma- 
tion of the calculi. Von Kossa stain for insoluble 
phosphates, carbonates and soaps gave a negative 
reaction and a sparse positive response was obtained 
to sudan IV at room temperature, suggesting small 
amounts of low-melting lipid. No evidence of a 
nidus with a separate identity was seen. 
Water-insoluble protein comprised about 75 per 
cent of the original wet weight of the caleuli and 
water-soluble solids about 8 per cent. To prepare 
the protein for chemical analysis, the calculi were 
ground in a mortar with distilled water and the 
insoluble residue was centrifuged, washed twice 
and dried to constant weight. Despite the fact that 
the availability of material has been quite limited, 
the use of sensitive micro-techniques has permitted 
qualitative identifications and quantitative estimates 
of its major constituents, and some of the more impor- 


tant results are reported briefly here. The complex . W 
protein exhibited an unexpectedly high nitrogen Fig. 2. Photomicrographs of outer portions of stained s sootinns - 
content (16-9 per cent in one batch assayed by ‘rom urinary calculi. 4, stained with hematox ‘ 

id—Schi t; C, wil blue. ( x ¢. 
digestion and Nesslerization?) and contained 1-5-2 ¥ be 
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oreinol’-* or anthrone’® method used. Detection of 
free sugar spots on paper chromatograms of acid 
hydrolysates of the protein (3 N hydrochloric acid 
up to 21 hr., 100° C.) has not been achieved, possibly 
because of the low carbohydrate content, strong 
protein- carbohydrate bonds and/or sugar destruc- 
tion. The major sugar was, however, identified as 
galactose by a spectrophotometric method’ and the 
nature of the spectrum as well as ratios between 
extinctions at various wave-lengths’ suggested the 
presence of lesser amounts of glucose. Similar 
criteria made probable the essential absence of keto- 
hexose, mannose and pentose. The nature of the 
spectrum from the carbazole reaction™ tended to 
eliminate hexuronic acid as a major constituent, 
while the presence or absence of hexosamine bound 
in the preponderant glycoprotein has not been 
definitely established. Both hexuronic acid and 
hexosamine may be present in the scant orthochrom- 
atic material or sections stained with toluidine blue. 
Sialic acid was essentially absent as judged by the 
observation that the tryptophan-—perchloric acid 
test!? yielded only a light colour, the intensity of 
which did not greatly exceed that obtained from an 
equal amount of beef serum albumin. The amino- 
acids of the protein moiety have been examined by 
2-dimensional chromatography of acid hydrolysates 
(6 N hydrochloric acid, 24 hr., 100° C.) of the lipid- 
free material followed by ninhydrin development and 
visual comparison with spots given by an equal 
amount of bovine serum albumin of known amino-acid 
composition’? which was hydrolysed in a manner 
identical with that used for the unknown protein. 
Several comparisons were made for each amino-acid 
and the average results were accepted as a reasonable 
basis for calculating approximate amino-acid com- 
position. It was assumed that, for most amino-acids, 
errors associated with destruction or other variables 
were approximately the same for both preparations. 
Perhaps of most immediate interest here is the fact 
that the protein is characterized by unusually large 
amounts of serine. This substance was estimated to 
comprise approximately 15 per cent of the total 
amino-acid residue content on a weight basis. The 
glutamic acid content was also found high as compared 
with many proteins (about 20 per cent) and aspartic 
acid low (about 5 per cent). Cystine was quite low, 
but quantitative estimates are not justified because of 
large variability in the destruction of this amino-acid 
as a function of the carbohydrate content of the 
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hydrolysis medium™. The levels of amino-acids did 
not vary significantly between batches obtained from 
normal and dystrophic animals. It is not certain 
whether there are other quantitative differences in 
the composition of the two types of calculi. 

The mouse calculus material exhibits a chemical 
make-up which is markedly different from the organic 
matrix of crystallized human'’:'® or bovine!’ calculi 
and from a large number of mammalian proteins 
for which recorded data have been examined. The 
composition is similar in a general way to that of the 
Bence Jones protein with regard to the contents of 
phospholipid, cholesterol and carbohydrate'® as 
well as the high serine-level’® but deviates radically 
in the contents of other amino-acids. The significance 
of the influence of sex and of muscular dystrophy on 
the incidence of calculus excretion remains to be 
determined; however, beyond these considerations, 
it seems possible that the strain 129 mice may be a 
useful source of experimental animals for the study 
of calculus formation. 

This work was aided by a grant from the Muscular 
Dystrophy Association of America. I wish to thank 
Dr. Kay Fink for valuable suggestions concerning 
the preparation of the manuscript and Mrs. Shirley 
Strachan for expert technical assistance. 
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BRONCHIAL MUCUS 


By Dr. M. Z. ATASSI and Dr. S. A. BARKER 
Chemistry Department, University of Birmingham 
Dr. L. E. HOUGHTON 
Harefield Hospital 
AND 
K. S. MULLARD 
Southampton Chest Hospital 


ARFVINGE! found that analyses of tracheo- 
bronchial secretions by electrophoresis on 
Whatman No. | paper in barbiturate buffer. pH 8-6, 
revealed at the most three mobile mucoproteins, the 
bulk of the material being absorbed at the origin. 


We have found that electrophoretic separation 
(16 hr.) on cellulose acetate foil (5 x 25 em.) in 
citrate buffer (pH 5-1; yu 0-05) at 175-180 V. and 
0-6 m.amp./em. revealed as many as seven well- 
defined components having electrophoretic mobilities 
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Table 1. ELECTROPHORETIC ANALYSIS OF BRONCHIAL Mucus 

Patient Diagnosis 0 A, Streak Ay B Cc D BE F 

1 Rhinorrhea 28-8 “4 35-3 4-1 9-7 15-9 0 
2 g 7-4 10-4* 14-6 31-0 ? 14-2 21-7 
Hemoptysis 8-3 8-it 48 27-2 21-0 200 103 
Hemoptysis 15-1 — 7-4 — 31-8 33-9 (mainly 67 
5¢é Pneumonia 8-8 5°83 72 28-6 21-5 18-4 95 
623 Pneumonia 20-1 _ 6-9 — 24-5 5-2 14-6 22-4 63 
7 Bronchial asthma 1245 4-1 19-1 52-6 (mainly ll4 
8 Pulmonary alveolar 12°8 22-5 32-6 20-2 124 

proteinosis 
9¢ Chronic bronchitis 14°3 15-2 9-6 53 (mainly 2) 73 
(L.U.L. collapse) 

10 ¢ Chronic bronchitis 11-0 8-6 20-0 25-4 28 74 
1¢ Chronic bronchitis 80 27-6 27-8 20-8 79 
12¢ Chronic bronchitis 10°4 13-1 - 34-1 — ? 17-4 18-1 72 
13 ¢ Chronic bronchitis 24-6 + 11-4 26-3 50 — 13-4 16-5 23 
Chronic bronchitis 9-6 3-6 ~ 18-6 54-8 (mainly 134 
16 ¢ Chronic bronchitis 34°3 13°3 9-9 21-9 79 114 
16¢ Chronic bronchitis 16-1 12-4 ~- 14-8 43-7 (mainly PD) 124 

{and emphysema) > 
17 ¢ carcinoma and 16°8 15-4 12-4 26-7 (mainly D) 74 
chronic bronchitis : 
18 ¢ Lung carcinoma 175 8 25-1 175 14-7 33 
19 ¢ Lung carcinoma 16-2 —_ 2 18-4 14 18-7 6? 
20 carcinoma 9-8 10-8 10-1 27:8 — 21-2 13-3 64 
21 ¢ Lung carcinoma 9-4 13-7 13-1 21-9 5-4 21-3 14 
222 Lung carcinoma 6-5 9-7 5:3 32-2 5-4 16-1 21-6 34 
23 ¢ Lung carcinoma 24-7 11-4 16-3 63 17-4 21-4 23 
Lung carcinoma 7-4 15-4 39-2 (mainly D) 6-4 20-1 
25 Lung carcinoma 17°4 18-4 142 6-2 22-1 100 
26 ¢ Lung carcinoma 14-4 7-4 28-4 10-6 23-3 13-2 27 

* Mobility, 0-09. Mobility, 0-19. 


(Mr) A, 0-14 + 0-04; Ay, 0:37; B, 0-57 + 0-04; 
C, 0-67 + 0-04; D, 0-79 + 0-04; EH, 0-88 + 0-04; 
and F, 1 (9-10 em. in 16 hr.). All components moved 
towards the negative electrode in the same direction 
as the endosmotic flow when the mucus was applied 
near (at 5 cm. distance) the Whatman No. 3 paper 
bridge (5 x 6 cm.) immersed in the anode vessel of 
an Evans Electroselenium apparatus. Strips were 
dried immediately with hot air and fixed in absolute 
ethanol. Components were revealed by dyeing 
(15 min.) with 0-5 per cent bromophenol blue in 
ethanol saturated with mercuric chloride, then washed 
with several changes of 2 per cent acetic acid*. They 
were estimated with an HEL scanner after clearing 
the strips with liquid paraffin in vacuum (3-4 hr.). 
For completeness the fractions absorbed at the origin 
O and others only discernible as a streak between A, 
and A, were also scanned and expressed as a per- 
centaze of the total applied. Components B and E£ 
had similar mobilities to serum albumin and y,- 
globulin, respectively. In samples of chronic bron- 
chitis sputum and mucus only components B, D and 
E reacted with antisera to human serum proteins. 
The results obtained with various conditions are 
shown in Table 1. The bronchial mucus samples 
used were uncontaminated with saliva and obtained 
at bronchoscopy. 

Components B, D and E appear in all mucus 
samples and, except in rare instances, are the three 
major components. Component J’ also appears to be 
a@ common constituent but can fall to very low levels. 
Only in the case of rhinorrhea was it completely 
absent. Chronic bronchitis mucus samples present 
the simple patterns B, D and E and a generally high 
level of F. Invasion of the lung by carcinoma pro- 
duces the additional components A, and/or C. Of 
the other cases. that of aspergillosis exhibits com- 
ponent A, uniquely and has an A, component of 
abnormally low mobility. Both these could be 
the metabolic products of the invading mould. 
Pulmonary alveolar proteinosis mucus contains an 
abnormally high content of component D. 

A similar examination of sputum samples, of which 
the bronchial mucus would constitute a high pro- 
portion, showed the same overall picture. The 


cancer sputum samples (from seven patient=) again 


showed additional components (usually C) not present 
in chronic bronchitis sputum and F/ was very low 
(1-3 per cent). Examination of sputa from one 
chronic bronchitic was commenced immediately after 
he had a 14-day course of tetracycline. The following 
day he started a 7-day course of chloromycetin 
and throughout the period under review was having 
bronchodilators, breathing exercises and vigorous 
physiotherapy. Following this treatment his general 
condition impreved and his sputum gradually 
decreased from 2} oz. to $ oz. daily. Over a period 
of three weeks analyses showed a remarkable decrease 
of component F from 17-2 to 4-3 per cent. The 
neuraminic acid content of the sputum varied 
slightly over the same period from 1-23 to 1-39 per 
cent. Strips stained with the periodic acid—fuchsin 
sulphite reagent‘ showed positive reactions only with 
components B, D and HZ. Another chronic bronchitic 
with a carcinoma in the left hilar area maintained a 
high F content (9-5-21-5 per cent) throughout a 
three-week period of treatment with penicillin and 
achromycin. 

An alternative method of analysis of the bronchial 
mucus samples involved the use of the immuno- 
logical reaction in agar gel diffusion cells* with an 
antiserum raised against human serum proteins. 
Although no anti-F was present, it sufficed to dis- 
tinguish the mucus of chronic bronchitis (3 lines) 
from that of patients suffering from bronchial car- 
cinoma (4 lines), hemoptysis (8 lines) and asper- 
gillosis (at least 10 lines). Further development of 
this approach with additional antisera raised against 
component F and against selected whole mucus 
samples promises to afford a useful addition to 
methods of analysing bronchial mucus. ; 

This work was supported by grants from the 
Medical Research Council and the British Empire 
Cancer Campaign. 

‘ Warfvinge, L. E., Acta Med. Scand., 158, 49 (1955). 
* Kunkel, H. G., and Tiselius, A., J. Gen. Physiol., 35, 89 (1951). 
* Grassman, W., and Hannig, K., Naturwiss., 37,397 (1950); Grassman, 


(as8s) d Hannig, K., Hoppe-Seylers Z. physiol. Chem., 290, | 
* Aronsson, T., Gronwal!, A., and Lausing, E., Clin. Chim. Acta., 2, 
124 (1959). 
* Elek, 8. D., Brit. J. Exp. Pathol., 30, 484 (1949). Grabar, P., Bull. 
Chim. Biol., Paris, 36, 65 (1954). Gell, P. G. H., J. Cita. 
Pathol., &, 269 (1955). 
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ULTRASTRUCTURAL ALTERATIONS DURING THE CRABTREE 
EFFECT IN ROUS SARCOMA CELLS 


By Pror. ALVIN S. LEVINE, RUTH PETRAITIS and JAMES GREEN* 


Departments of Microbiology and Anatomy, 
Indiana University School of Medicine, 
Indianapolis 


LECTRON microscopic studies show that glucose 

selectively alters the microstructures of Rous 
sarcoma cells and that the cellular alterations ob- 
served could account for suppression of respiration! 
(Crabtree effect). The mechanism of glucose sup- 
pression of respiration of tumour cells has generally 
been approached through biochemical investigations*. 
Work in this laboratory indicates that glucose 
utilization per se does not depress uptake of oxygen. 
It was reported that increasing the concentration of 
glucose in the medium containing normal tissue will 
increase glucose utilization to a rate comparable with 
that of tur -.r tissue without suppressing respira- 
tion**. This preliminary report shows that when 
Rous sarcorna virus-induced 
tumours of the chorioalilantoic mem- 
brane are excised from embryonated 
chicken eggs and incubated in vitro 
in the presence of glucose the cells 
undergo microstructural changes. 
Degeneration of mitochondria is 
observed. This effect of glucose on 
mitochondria of Rous sarcoma 
cells is similar to that reported by 
Merker et al. for Ehrlich ascites 
tumour cells’. Changes in the 
nucleus and endoplasmic reticulum 
of Rous sarcoma cells were also ob- 
served. These changes were not 
observed when Rous sarcoma was 
incubated in medium without gluc- 
ose or in normal chorioallantoic 
membrane incubated in the presence 
or absence of glucose. 

Standard lot CT 842 of Rous 
sarcoma virus was obtained from 
Dr. W. Ray Bryan and used for in- 
ducing tumours of the chorioal- 
lantoic membrane as previously re- 
ported®*. Rous sarcoma was dis- 
sected free of non-tumorous tissue 
and sliced with a Stadie—Riggs hand 
microtome. Tissue slices were 
incubated under aseptic conditions 
in a Warburg flask in a final volume 
of 2 ml. with modified Hanks’s 
balanced salt solution in the ab- 
sence of added bicarbonate, and 
without phenol red indicator. The 
pH was adjusted to 7-6 with 
dibasic phosphate (M/15). The 
glucose concentration used was 5:5 
umoles/ml. Control flasks were 
without glucose. 


Pig. 1. 


Electron mi 
induced tumour of the chorioallantoic membrane. Slices of tumour tissue were incubated 
in modified Hanks’s balanced salt solution without glucose for 12 hr. at 37° C. The 
tissue was fixed in 1 per cent buffered osmium tetroxide and embedded in a 4: 1 mixture 


After 12 hr. incubation at 37° C. tissues incubated 
with and without glucose were removed from the flask 
and immediately fixed in 1 per cent buffered osmium 
tetroxide® for 1 hr. at room temperature. The fixed 
tissue was embedded according to standard procedures 
in a 4:1 mixture of butyl and methyl methacrylates. 
Polymerization was carried out overnight at room 
temperature under an ultra-violet lamp. Sections 
were made with a Porter-Blum microtome equipped 
with glass knives. 

Oxygen uptake was determined manometrically on 
tissue slices of tumour and chorioallantoic membrane. 
Results are reported on the average hourly rate of 
oxygen uptake during the 12th to the 16th hr. of in- 


‘aph showing detail of a cross-section ef afRous sarcoma virus- 


of butyl and methyl methacrylates. The flattened surface cell shows mitochondria and 


: Department of Anatomy, criste and a 
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well-delineated endoplasmic reticulum. Many vacuoles are present in the 
lower mesodermal cell and its nucleus shows a homogeneous composition. (x c. 16,500) 


1271 
= | 
| 
sent 
low 
fe 
after i 
¥ 
nan, 
0,1 
™ 


1272 


Fig. 2. Electron micrograph showing a cross-section of Rous sarcoma _ virus-induced 
tumour of the chorioallantoic membrane. Slices of tumour tissue were incubated in a 
modified Hanks’s balanced salt solution with 5-5 wmoles/ml, of glucose for 12 hr. at 37° C. 
The tissue was fixed in 1 per cent buffered osmium tetroxide and embedded in a 4:1 
mixture of buty] and methyl methacrylates. The flattened surface cell and mesodermal 
cell give the appearance of being ‘leached out’. The degeneration of microstructures is 
evidenced by marginal = along the nuclear membrane, no well-defined endo- 

defined criste in what appears to be the remains of mito- 


plasmic reticulum, and no we 
chondria. (x ¢. 11,000) 


cubation to show the physiological state of the tissues 
at the time samples were taken for electron micro- 
scopic studies. Results given in Table 1 were determ- 
ined on tissue slices from the same tumour viewed 
by electron microscopy (Figs. 1 and 2). Respiration 
results on chorioallantoic membrane are similarly 
reported for sections from the same membzanes 
viewed by electron microscopy. 

Slices of Rous sarcoma which had been incubated 
12 hr. in Hanks’s balanced salt solution were examined 
by electron microscopy (RCA-ZMU-2). Well- 
delineated microstructures were observed (Fig. 1). 
The cells selected show a cross-section of the tumour 
with regard to the surface of the chorioallantoic 
membrane. It is not known if the flattened surface 
cell is ectodermal or endodermal, but distinct 


Table 1. AVERAGE HovrRLY RATE OF RESPIRATION DURING 12-16 HR. 
Oxygen uptake 


Tissue Medium (ml./mgm. dry tissue/hr.) 
BSS 5-2 
Rous tumour BSS + glucose 1-8 
5°5 wmoles/ml. 
BSS 6-3 
Chorioallantoic BSS + glucose 61 


membrane 5-5 wmoles/ml. 


Direct method of Warburg 2 ml. final volume of reaction chamber 
at 37° C. Tissue weight range, 3-5 mgm. dry weight. Chorioallantoic 
membrane was from a 16-day-old embryonated egg. BSS, modified 
Hanks’s balanced salt solution. 
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mitochondria with crist# are ob. 
servable as well as a defined endo. 
plasmic reticulum. The nucleus of 
the mesodermal cell has a homo. 
geneous composition, but the cyto. 
plasm shows greater vacuolation, 
Representative sections of other 
mesodermal cells show well-formed 
mitochondria even though the in. 
creased numbers of vacuoles jp 
mesodermal cells distort the endo. 
plasmic reticulum. A comparable 
section (Fig. 2) shows a cross-section 
of tumour slices which iad been 
incubated for 12 hr. with glucose. 
The flattened surface cell as well as 
the mesodermal cell give a ‘leached 
out’ appearance. There is no 
defined endoplasmic reticulum, and 
the only evidence of mitochondria 
may be cross-sections seen in the 
mesodermal cell giving a degener. 
ate appearance. The nuclei show 
marginal clumping and the ‘leached 
out’ appearance seen in the cyto- 
plasm. More than 200 sections of 
tumour tissue that had been in- 
cubated in glucose were made and 
examined. No well-formed mito. 
chondria were seen. The ‘leached 
out’ appearance of the cytoplasm 
and nucleus was present in all cells 
observed. 

Comparable sections of normal 
chorioallantoic membrane, that do 
not give a Crabtree effect when 
incubated with glucose, appeared 
normal when examined under the 
electron microscope. In _ chorio- 
allantoic membrane mitochondria 
were seen with well-defined criste, 
nuclei appeared homogeneous in 
composition, and the endoplasmic 
reticular system was well delineated. 

It seems reasonable to propose that the physio- 
logical effect of glucose on Rous sarcoma respiration 
(Crabtree effect) may be a secondary result of the 
effect of glucose on the functional structures of the 
cell rather than a direct biochemical competitive 
inhibition. Damage to the criste of mitochondria 
results in ‘leaching out’ of enzymes and co-factors and 
respiration is interrupted’. It is proposed that 
glucose selectively induces damage to the mitochon- 
dria of Rous sarcoma cells and this may be the lesion 


Vou. 192 


of the effect. 
Th: ers was supported in part by research 
grani 4692, of the National Cancer Institute, 


U.S. &.oue Health Service, and H-212, of the 
American Cancer Society, Inc. Grateful acknow- 
ledgment is made to the Indiana Elks’ Association 
for support of the electron microscope work of this 
study. 


1 Crabtree, H. G., Biochem. J., 23, 536 (1929). 
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EFFECTS OF 2-DIETHYLAMINOETHYL 2,2-DIPHENYLPENTANOATE 
(SKF 525A) ON INSECTICIDAL POTENCY 


By P. S. HEWLETT, C. J. LLOYD and ANGELA N. BATES 
Pest Infestation Laboratory, Slough 


-DIETHYLAMINOETHYL 2,2-diphenylpentan- 
oate (SKF 525A) is well known to prolong the 
actions of a variety of drugs in mammals', and we 
have therefore investigated the effects of the com- 
pound on the toxicity to insects of pyrethrins and 
other insecticides, comparing its effects with those of 
the pyrethrin synergist ‘piperonyl butoxide’ (PB)?’. 
SKF 525A has been administered to mammals in the 
form of its water-soluble hydrochloride, but when 
injected the hydrochloride proved inconveniently 
toxic to the test insects, and if applied externally 
could be expected to penetrate only slowly through 
the insect cuticle; hence we dosed the insects extern- 
ally with SKF 525A in the form of the free base, 
which, like PB, was then non-toxic at the doses used. 
In a series of qualitative tests, lesser mealworm 
beetles, Alphitobius laevigatus (F.), were dosed 
topically between the hind coxz‘ with a solution of 
SKF 525A or PB, and 5-10 min. later with a solution 
of insecticide on the neck®. Separating the applica- 
tions reduced the risk of chemical reaction between 
the basic SKF 525A and those insecticides that were 
acidic, before they had penetrated into the insect. 
7 ugm. of SKF 525A or PB were applied in 0-07 ul. of 
solution in refined (odourless) kerosene, and an 
appropriate dose of insecticide in 0-025 ul. of solution 
in a heavier refined petroleum oil, Shell ‘Risella 17’. 
Applications of insecticide without SKF 525A or PB 
were made comparably, with a dose of oil solvent on 
the other site. Use of the two different oil solvents 
enabled the two techniques of dosage to be used in 
conjunction. In additional qualitative tests, house- 
flies, Musca domestica L., were dosed topically‘ with 
pyrethrins or malathion, mixed with SKF 525A or 
PB, in solution in refined kerosene. Effects were 
determined by percentage of beetles paralysed 4 days 
after dosage (approximating to final mortality) and 
percentage of flies dead 24 hr. after dosage. The 
results, shown in Table 1, indicate a joint-action 
spectrum for SKF 525A qualitatively similar to that 
for PB; reduction by PB of the insecticidal activity of 
malathion in flies has been noted previously*. 


Table 1. EFFECTS OF SKF 525A AND PB ON THE TOXICITIES OF 
CERTAIN INSECTICIDES 
Insecticide A. laevigatus M. domestica 
SFK 525A PB SKF F25A PB 
Pyrethrins + 
Allethrin + 
Barthrin + 
Malathion (-) - 
2-n-Valeryl 
1,3-indandione + (+) 
2-seebutyl 
4,6-dinitrophenol 0 0 
DDT 0 0 
y-BHC 0 9 
Dieldrin 0 0 


+, Considerable synergism ; 


(+), slight synergism; 0, no effect; 
(-), slight antagonism; 


—, considerable antagonism. 


The synergistic effects of SKF 525A and PB on 
the pyrethrins were compared quantitatively. The 
synergist was used in mixture with the pyrethrins, in 
solutions in refined kerosene. The volume was 0-07 ul. 
per beetle, applied between the hind coxe‘; and 
0-05 and 0-10 ul. per male and female fly respectively, 


applied dorsally on the thorax’. Factors of synerg- 
ism*-? were determined, each the ratio of the ED,, 
for pyrethrins in the absence of synergist to that in 
the presence of synergist at 10 times the dose of 
pyrethrins. With SKF 525A the factor was 1-8 for 
the beetles and 2-5 for the flies; with PB the factor 
was 3-2 for the beetles and 15 for the flies. SKF 525A 
was less synergistic than PB. 

Neither 2,2-diphenylpentanoic acid nor 2-diethyl- 
aminoethanol affected the toxicity of pyrethrins. 
Other congeners of SKF 525A are being investigated. 

In mammals SKF 525A depresses the metabolism, 
especially oxidative metabolism, of numerous drugs. 
thereby increasing! or decreasing® their effectiveness 
according as the metabolic products are more or less 
active than the drugs themselves. In the present 
work SKF 525A depressed the effect of malathion, 
which is oxidized in the cockroach, Periplaneta 
americana, to the more insecticidal malaoxon’. 
O’Brien” mentions that SKF 525A failed to reduce the 
action on the cockroach and the housefly of certain 
organo-phosphorus insecticides with more insecticidal 
oxidation products, but does not state the conditions 
in his experiments. In the present work SKF 525A 
was found to increase the effectiveness of pyrethrins, 
which, like related pyrethroids, are metabolized in 
insects to less insecticidal compounds not as yet 
identified, though chromatographic evidence™ indi- 
cates that they could be oxidation products. The 
influence of PB on the toxicities was qualitatively 
similar to that of SKF 525A. Thus the findings 
reported here are in general accord with other 
evidence!* that PB and other 3,4-methylenedioxy- 
phenyl compounds synergize pyrethrins in insects by 
depressing oxidative detoxification. 

In mammals SKF 525A depresses drug metabolism 
brought about by the liver microsomes'; a scheme 
has been put forward? to account for the apparently 
low specificity of the enzyme systems involved. The 
present results suggest that there may be in insects 
systems analogous to those inhibited by SKF 525A in 
the liver microsomes of mammals. 

We are indebted to the Smith Kline and French 
Research Institute, Welwyn Garden City, for a sample 
of SKF 525A. 

* Brodie, B. B., J. Pharm. (Lond.), 8, 1 (1956), Brodie, B, B., Maickle, 
R. P., and Jondorf, W. R., Fed. Proc., 17, 1163 (1958). 

* Wachs, H., Science, 105, 530 (1947). 

* Hewlett, P. S., Adv. Pest Control Res., edit. by Metcalf, R. L., 3, 27 
(Interscience Publishers, New York, 1960). 

* Hewlett, P. S., and Lloyd, C. J., Ann. App. Biol., 48, 125 (1960). 

* Hewlett, P. S., Ann. App. Biol., 41, 45 (1954). D.S.I.R. Pest Infest. 
Res. (H.M.S.0., London, 1955, 1956). 

* Rai, L., Afifi, 8S. E. D., Fryer, H. C., and Roan, C. C., J. Econ. Ent., 
49, 307 (1956). 

K. F., and Holborn, J. M., Pyrethrum Post, 2, 7 

* Davison, A. N., Biochem. J., 61, 203 (1955). O’Brien, R. D., and 
Davison, A. N., Canad. J. Biochem. Physiol., 36, 1203 (1958). 

* Metcalf, R. L. «ed March, R. B., Ann. Entomol. Soc, Amer., 46, 63 
(1953). O’B.:en, R. D., J. Econ. Entomol., 50, 159 (1957). 

1° O’Brien, R. D., Toxic Phosphorus Esters (Academic Press, New 
York, 1960). 

41 Winteringham, F. P. W., Harrison, A., and Bridges, P. M., Biochem. 
J., 61, 359 (1955). 


42 Sun, Y.-P., and Johnson, E. R., J. Agric. Food Chem., 8, 261 (1960). 
O’Brien, R. D., Biochem. J., 79, 229 (1961). 
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BLUE-GREEN ALGAE 


Growth 

T is well known that many species of algae fail to 

thrive in simple inorganic media and may be 
cultured with greater ease in the presence of ill-defined 
organic materials such as soil extract'*. These 
observations have promoted the suggestion that such 
algae may have requirements for growth factors, 
especially since many species are now known to be 
unable to synthesize certain vitamins essential to their 
metabolism*. In an earlier discussion of this question, 
however, Gerloff e¢ al.‘ have directed attention to the 
fact that, in general, the addition of organic solutions 
of unknown composition has never been found to be 
absolutely essential for growth. They conclude that 
stimulation to growth under these conditions may be 
ascribed to the physiological condition of the algae 
rather than to the provision of some essential vitamin- 
like substance. Nevertheless, their statement that it 
is unlikely that any members of the Cyanophyta will 
be found to exhibit a requirement for vitamins has 
been shown to be in error in at least one instance by 
Pintner and Provasoli®, who have discovered an 
absolute requirement for vitamin B,, by Phormidium 
persicinum. It is particularly interesting to note 
that several species of algae have been found not to 
thrive in the absence of other micro-organisms. In 
fact, Schramm‘ found himself unable to induce 
growth of zoospores and zygospores of Vawucheria, 
Oedogonium and Spirogyra in bacteria-free conditions. 
Among the Cyanophyta, Fogg’ records the common 
observation that Gloeotrichia natans fails to thrive as 
well in pure as in impure culture. Findings such as 
these seem to support the assertion of Pringsheim! 
that “multiplication is often harder to achieve than 
isolation from bacteria and other unwanted micro- 
organisms’’. Similar experience and difficulties and 
the absence of more precise information led me to 
undertake the present work, the chief results of which 
are described here. 

In isolating bacteria-free cultures of blue-green 
algae from rich soils of tropical northern Australia*:*, 
observations were made with an unidentified species 
of Nostoc which agree closely with those for Gloeoiri- 
chia natans recorded by Fogg’. Growth of the alga 
in impure culture was clearly superior to that in pure 
culture. The stimulatory effect was found to be due 
to a species of the stalked bacterium Caulobacter 
which was prominent among the contaminants. 
When the two organisms were grown together in the 
light in a suitable nitrogen-free mineral medium, 
considerably greater amounts of nitrogen were 
fixed than by the alga alone under otherwise identical 
conditions. These results are shown in Table 1. It 
will be seen that, whereas 9-64 mgm. nitrogen were 
fixed by the alga in pure culture, 17-43 mgm. were 
fixed in the presence of the bacterium. In each case, 
a notable proportion of the nitrogen fixed was 
released into the culture solution. Separate tests 
showed that the Caulobacter is unable to fix nitrogen 
in pure culture. At the present time, there is no 
evidence to indicate that the stalk has any special 
function in the association comparable with the 
Table 1. NITROGEN FIXED (MGM.) BY Nostoc ALONE AND IN ASSOCIA- 


TION WITH Caulobacter (KJELDAHL ANALYSES) 
Nostoe Nostoc = 
“4 


Cells 6-14 
Culture solution 3-50 4:97 
Total 9-64 


17-43 


attachments shown by Houwink** to cells of Bacillus, 
although it has been found that the structure reaches 
maximal development in the presence of the 
and does not appear to be formed on media such ag 
meat extract agar. It is worth noting that stalked 
organisms of the same genus have been found com. 
monly in impure cultures of other blue-green algae 
from widely separate parts of Australia. 

To obtain greater understanding of the relationship, 
the stages in the growth cycle of the alga were 
followed in Petri dish culture. It was observed that 
hormogonia, on formation, move away from the 
colony margin and then undergo a series of reciprocal 
movements along the path first followed, this activity 
culminating in a sudden arching of the originally 
straight filament. At this stage, motility is lost and 
the individual cells begin to enlarge and divide in 
such a manner that the developing trichome becomes 
more and more contorted. Terminal and intercalary 
heterocysts become apparent, the latter being formed 
at fairly regular intervals along the trichome. The 
alga has never been observed to produce akinetes, 
Continued growth results in the formation of a roughly 
spherical trichome mass 0-1-0-2 mm. or more in 
diameter, from the interior of which a second genera- 
tion of hormogonia emerges. 

If single migrating hormogonia are transferred to 
fresh medium, their movements commonly cease, 
trichome formation begins almost immediately and 
the cycle of growth continues normally for at least a 
while. Frequently, however, the hormogonia either 
lose their pigmentation and die without further 
development or continue their normal growth and 
die at some later stage, often before the emergence 
of the second generation of hormogonia. Even when 
colonies 20-30 mm. in diameter are produced from a 
single hormogone, they are invariably pale in colour 
and thinly formed, and made up in large part of 
colourless and apparently non-viable trichomes. The 
capacity of hormogonia to continue developing has 
been found to be closely associated with the light 
history of individual colonies. Failure of hormogonia 
to develop on transfer may be induced most readily by 
frequent sub-culture under conditions of continuous 
and relatively intense illumination. 

When small numbers of nitrogen-starved Caulo- 
bacter cells are added to single transferred hormogonia, 
growth is always more rapid than in the absence of 
the bacteria and is never accompanied by the death 
of the alga. Colonies produced in this way are larger, 
thicker and more densely pigmented than pure 
cultures and do not contain the colourless trichomes 
so characteristic of the latter. 

Initially, it was supposed that some essential 
organic nutrilite might have been lacking in the 
absence of the bacterium, although this seemed rather 
unlikely in view of the fact that at least reasonably 
normal development was often observed to occur in 
pure culture as already described. None the less, the 
possibility was investigated. It was found that the 
incorporation in the basal nitrogen-free mineral 
medium of materials such as yeast extract, casein 
hydrolysate as well as the individual vitamins thiamine, 
biotin and B,, and a range of single amino-acids 
were without effect. Without exception, single 
hormogonia transferred to the supplemented i 
failed to develop. Similar results were obtained when 
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low concentrati 1s of ammonia or nitrate ions were 
supplied. Eve». when growth took place in the 

nee of inorganic nitrogen, it was not superior 
to that in control plates. 

Later, it was discovered that the addition of one 
or two drops of a 1 p.p.m. solution of indole-3-acetic 
acid was capable of effecting the recovery of bacteria- 
free hormogonia degenerated to the colourless condi- 
tion preceding death. Accordingly, tests were con- 
ducted using Avena coleoptile sections in an attempt 
to detect growth-stimulating hormones in cultures of 
the alga and the bacterium. It was found that a 
highly significant increase in the length of coleoptile 
sections occurred in the presence of Caulobacter cells 
compared with controls. A similar response was 
recorded with sections in contact with a reasonably 
healthy pure culture of the alga grown for three 
weeks at only 12 ft.-candles and also with 18-hr. 
cultures, associated with Caulobacter, from which 
hormogonia were beginning to emerge at about 
100 ft.-candles. In pure cultures more than 4 weeks 
old and grown at relatively high light intensities 
between 500 and 600 ft.-candles, the growth of 
coleoptile sections was significantly inhibited. 

From these observations, there seems little doubt 
that, in some way, substances with hormone proper- 
ties are necessary to enable the alga to achieve normal 
development. Here, attention is directed to a recent 
investigation in which Lazaroff and Vishniac™! have 
concluded that Nostoc muscorum A, too, is dependent 
on a ‘morphogenetic substance’ to complete its 
normal cycle of growth. With N. muscorum, however. 
the substance is never limiting under normal condi- 
tions of cultivation in the light. Abnormal growth is 
exhibited only when the alga is incubated in the 
dark with a suitable source of carbon. 

The inhibiting influence of older cultures on the 
growth of coleoptile sections is of interest. That the 
effect might have been caused by excess hormone 
seems improbable. It is known that auxin and 
indole-3-acetic acid are inactivated by light. Granick!* 
has directed attention to the particularly destructive 
effect of blue light on auxin. In this connexion, it 
is relevant to note that the warm-white fluorescent 
lights used in the present work emit strongly in this 
region and have been found harmful to several 
species of chlorophycean algae by Algeus'*. A more 
plausible explanation for the results is suggested by 
the separate observation by Algeus* that the oxida- 
tion products of indole-3-acetic acid are inhibitory 
to growth. However, it should not be overlooked 
that Stewart et al.1* have found a precursor of auxin 
in radishes that exerts a similar effect. 

Whatever the nature of the inhibitory substence or 
substances, it is possibly correct to assume that 
normal development of the Nostoc in question is 
dependent on the balance existing from time to time 
between hormone and growth inhibitor. As a 
corollary, it would be interesting to investigate the 
possibility that the reciprocal movements of hormo- 
gonia on agar media constitute a response to gradient 
concentrations of these substances around the margins 
of colonies. 

In view of the fact that auxins tend to be destroyed 
in the light, it seems unlikely that the beneficial 
influence of Caulobacter is due solely to the contribu- 
tion of a growth hormone, although this, undoubtedly, 
is of some importance. Other observations support 
this contention. In particular, the alga is invariably 
seen to be dark in colour, sometimes almost black, 
in the presence of Caulobacter, whereas pure cultures 
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are commonly a pale green. The dark coloration is 
caused by phycoerythrin which appears to exercise 
a protective function by absorbing those wave- 
lengths to which the hormone is_ susceptible. 
Recently, Boney and Corner'® have presented evid- 
ence to show that this pigment also has a protective 
function in certain red algae. The mechanism by 
which the bacterium stimulates phycoerythrin pro- 
duction by the alga is not known. Apparently light 
of short wave-lengths is also necessary, however, 
because the pigment is not produced under red light 
even with Cawlobacter present. 

In this matter, a further observation appears to be 
especially significant. It has been noted already that 
considerable enlargement of the trichome immediately 
precedes formation of hormogone. It seems not 
unreasonable to assume that such development might 
well be favourable to the conservation or build-up 
of hormone by the alga. If the beneficial influence of 
Caulobacter lay only in the provision of hormone, 
it would be expected that, in cultures containing the 
bacterium, trichome enlargement would be obviated 
to some extent. In fact, this is found to be true, 
although the effect is observed to operate only in the 
early phases in the growth of colonies from single 
hormogonia. Therefore, it must be concluded that 
direct stimulation is relatively short-lived and must 
be supplemented cr replaced at some stage by 
hormone production by the alga with the protection 
afforded by abundant phycoerythrin. 

A remarkable feature of the early growth of 
colonies containing Caulobacter is that fresh hormo- 
gonia are produced not only after minimal trichome 
development but also without the formation of hetero- 
cysts. The heterocysts appear to be associated with 
full trichome enlargement. Furthermore, it has been 
observed that hormogonia originating from fully 
developed trichomes always emerge from the interior 
of these bodies, never from the periphery. One is 
immediately reminded of a suggestion by Fritsch’ 
that these ‘enigmatic’ structures might well be con- 
cerned with the production of substances controlling 
growth, cell division, and other developmental 
processes of blue-green algae. It is believed that the 
present work provides concrete evidence in support 
of this hypothesis and could also explain the reason 
why difficulty is sometimes experienced in securing 
the growth of algae in pure culture. J. 8S. Bunt 
? Pringsheim, E. G., Pure Cultures of Algae (Camb. Univ. Press, 1949). 
* Algeus, S., Bot. Notiser, 2, 129 (1946). 

* Provasoli, L., Ann. Rev. Microbiol., 12, 279 (1958). 

* Gerloff, G. C., Fitzgerald, G. P., and Skoog, F., in The Culturing of 
Algae, edit. by Brunel, J., et al. (Phycol. Soc. of America, 1950). 

* Pintner, I. J., and Provasoli, L., J. Gen. Microbiol., 18, 190 (1958). 

* Schramm, J. R., Ann. Mo. Bot. Garden, 1, 23 (1914). 

’Fogg, G. E., The Metabolism of Algae (Methuen and Co,, Ltd.. 

mdon, 1953). 

* Bunt, J. S., Nature, 192, 479 (1961). 

* Bunt, J. S. (see following communication). 

1° Houwink, A. L., Antonie van Leeuwenhoek, 21, 49 (1955). 

" Lazaroff, N., and Vishniac, W., J. Gen. Microbdiol., 25, 365 (1961). 

18 Granick, 8., Encyclop. of Plant Physioi.,1, 514 (1955). 

13 Algeus, S., Physiol. Plant., 4, 742 (1951). 

Stewart, W. S., Bergren, W. R., and Redemann, C., Science, 89, 
185 (1939). 

‘* Boney, A. D., and Corner, E. D. 8., Nature, 188, 1042 (1960). 

1* Fritsch, F. E., Proc. Linn. Soc. Lond., 162, 194 (1951). 


Isolation of Bacteria-free Cultures from 

Hormogone-producing Blue-Green Algae 

THE difficulties associated with obtaining bacteria- 
free cultures of blue-green algae are well known. 
Various techniques, involving the use of toxic physical 
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or chemical agents combined with patient and careful 
sub-culture, have been tested in attempts to eliminate 
contaminants. Of the many agents examined, few 
have proved to be successful. Allison and Morris’, 
Allison et al.*, Bortels,* Gerloff et al.*, Fogg* and Ven- 
kataraman ef al.* have prepared bacteria-free cul- 
tures by exposing algal material to ultra-violet light. 
Fogg’ purified one species with the aid of chlorine 
water. De® depended on the selectivity of mineral 
media solidified with silica gel and on extensive 
sub-culturing to obtain pure cultures. Unfortun- 
ately, these techniques have not been found generally 
applicable’:’, partly because a large degree of reliance 
must be placed on chance for success. 

In these Laboratories, none of the techniques 
described in the literature proved satisfactory. <A 
number of others, based on the assumption that an 
agent might be found to which the algae alone would 
be insusceptible, gave equally disappointing results. 
The possibility of using antibiotics has been exam- 
ined®, again without success. 

In view of these results, it was felt that some 
technique aimed at the selection of newly formed 
and uncontaminated trichomes as suggested by 
Pringsheim"™ rather than the destruction of micro- 
organisms closely bound in the sheaths of older 
material might be more rewarding. Such an approach 
has, of course, already been used where final isolation 
has been from newly migrated hormogonia. However, 
the procedures used have seriously limited the chances 
of success. The method to be described was designed 
to minimize the operation of chance. 

A small amount of inoculum containing a single 
species of alga is transferred to the surface of a 
suitable medium solidified with agar previously 
prepared as a deep, one-third filling a 6 in. x 1 in. 
culture tube. The material is incubated under 
appropriate lighting until fresh growth is just visible 
to the naked eye. Sufficient medium is then added 
carefully to form a plugging layer 3-5 mm. deep over 
the developing colony. As soon as this plug has set, 
5-10 ml. of the same medium, but without agar, is 
added and the tube returned to the light room. 
With the algae under investigation, it was found 
possible and worth while to incorporate 60 ugm./ml. 
aureomycin in the plugging medium as an aid to final 
isolation. After some time, 5-11 days in my experi- 
ence, young hormogonia and usually small numbers 
of motile bacteria are found to be present in the 
supernatant liquid medium although not visible to 
the naked eye. At this time, a series of small aliquots 
is transferred to Petri dishes and poured with the 
chosen medium. In these Laboratories, 10-20 0-1-ml. 
aliquots are used. The number of plates and the 
size of the aliquots are chosen to favour the develop- 
ment of isolated uncontaminated colonies. These 
are located as early as possible by regular microscopic 
inspection of the plates and immediately transferred 
to fresh medium. A fine hypodermic needle mounted 
in a suitable holder and a dissecting microscope have 
been found indispensable for this purpose. The purity 
of cultures is checked by normal cultural procedures 
and by direct microscopic inspection. 

Up to the present, six bacteria-free cultures have 
been obtained, including the genera Nostoc, Anabaena 
and Gloeotrichia. It is of interest to note that the 


cultures of Gloeotrichia are being maintained on 
nitrogen-deficient mecia. Kjeldshl analyses suggest 
@ capacity for nitrogen fixation. 

Unfortunately, the technique described has not 
been found applicable to species which do not form 
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hormogonia readily. However, recent investigations 
indicate that exposure of such organisms to suitable 
concentrations of indole-3-acetic acid at light intengj- 
ties of about 12 ft.-candles may be generally usefu] 
for inducing formation of hormogone. In fact, using 
this technique recently, two further bacteria-free 
cultures have been obtained of algae that otherwise 
could not be induced to form hormogonia. 

This and the preceding work have been supported 
by a University of Sydney research grant. Thanks are 
due to Miss R. Webb for technical assistance. 

J. S. Bunt 
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Use of Antibiotics to purify Blue-Green 
Algae 

THE use of antibiotics in media for tissue cultures 
suggests that such techniques may also be useful for 
freeing blue-green algae of contaminants. Our 
results with antibiotics have not been entirely 
successful, but it may serve some useful purpose 
to report them here to avoid possible waste of time 
by other investigators. 

The following substances are inhibitory to algal 
growth: cetrimide (n-cetyl-trimethyl ammonium 
bromide), dithionyl, streptomycin, neomycin, bacitra- 
cin. Actidione, penicillin, chloramphenicol, tetra- 
eycline, sulphafurazole, erythromycin, nystatin, novo- 
biocin, cleamdomycin, polymyxin, furodantoin and 
fungostatin are not inhibitory. It is possible to 
eliminate fungal contaminants by cultivation of 
algae in the presence of actidione and fungostatin, 
but not possible to free the algae from bacteria by 
using singly any of the substances mentioned here. 

The following combinations have been used with- 
out success: (i) tetracycline—chlorotetracycline; (ii) 
penicillin-erythromycin—aureomycin ; (iii) polymyxin- 
penicillin-erythromycin-tetracycline. No success 
was obtained when the algal cultures were pre-treated 
with 0-002 per cent dithionyl. 

It should be reported here that the bacterial 
contaminants are sensitive to antibiotics when tested 
in the absence of algae but cannot be eliminated when 
the algae are present. The algae seem to protect the 
bacteria against the antibiotics in some way. Also. 
some of the contaminants would not grow in ordinary 
meat infusion broth. Therefore, the absence of 
bacterial growth in broth should not be regarded as a 
sole criterion for purity of algal cultures. 

We wish to acknowledge financial assistance 
provided by the Commonwealth Scientific and Indus- 
trial Research Organization Division of Land Re- 
search and Regional Survey and the Wheat Industry 
Research Committee of New South Wales. 

Y. T. Toman 
J. GOULD 
Microbiology Laboratories, 
School of Agriculture, 
University of Sydney. 
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Vortex Shedding from the End of a Tube 
as a Result of Buoyancy Effects 


One of the most interesting phenomena observed 
in fluid flow is that of vortex shedding, the best known 
example of which is the von Karman vortex street 
behind a cylinder or similar obstacles normal to the 
flowing stream. For such two-dimensional systems, 
there is considerable information available. However, 
for axially symmetric systems, there appears to be 
little more than the recent results of Magarvey and 
Bishop on spheres. Therefore, a study of vortex 
shedding in axially symmetric systems was initiated 
under Battelle sponsorship. In one system, vortices 
as shown in Fig. 1 were observed in alkaline water 
(containing amounts of sodium carbonate neutralized 
by up to 1-24 c.c. nitric acid/litre) discharging from a 
long vertical tube into a large plenum chamber. The 
chamber contained slightly acidic water (up to 7-65 
c.e. nitric acid/litre). Reynolds numbers down to the 
experimental limit of above 200 were investigated. 
The flow pattern was revealed by phenolphthalein 
added to the inlet water supply. 

The Strouhal number, v)/V, which characterizes 
in @ dimensionless manner the vortex shedding 
frequency, varied from about 0-3 to 1-4 in the experi- 
ments. The Strouhal number was observed to 
increase with increasing acidity, with increasing 
alkalinity, and with decreasing Froude number. 
Reynolds number did not appear to be an important 
variable. It would appear that the buoyancy effects 
produced by the small release of heat at the reaction 
interface causes the vortex shedding in an otherwise 
stable flow. This supposition is supported by the 
observation of similar vortex shedding when a 


Fig. 1. Vortex formation at discharge of } in. diameter tube 


charged platinum ring at the tube exit was used to 
generate hydrogen bubbles, and when the density of 
the inflow was reduced slightly by use of a small 
addition of alcohol. 

One other observation should be reported. Tritton? 
observed, in an investigation of vortex shedding 
from rods, that at certain combinations of the inde- 
pendent parameters two alternative frequencies 
rather than one frequency could occur. Sato*, in 
work on the instability of two-dimensional jets, made 
a similar observation. In my system, quite dissimilar 
to the previous two, we also observed that there were 
certain combinations of independent variables which 
led to two alternative frequencies, and, consequently, 
two alternative Strouhal numbers. In fact, the 
shifting from one frequency to the other, which often 
occurred in these instances. led to difficulties in 
obtsining accurate counts of frequency of vortex 
formation. 

A. A. Putnam 

Mechanical Engineering Department, 

Battelle Memorial Institute, 
Cclumbus 1, Ohio. 
: Meee R. H., and Bishop, Roy L., The Physics of Fluids, 4, 800 


* Tritton, D. J., J. Fluid Mechanics, 6, 547 (1959). 
* Sato, Hiroshi, J. Fluid Mechanics. *, 53 (1960). 


Distribution of Pres“ure for Flow of 
Gas through Porous Media 
THe permeability coefficient K for flow of gas 
through a porous medium is defined by the equation?: 

G= Ky, (1) 

where G is the flowing flux in moles through unit cross- 

sectional area of the medium in unit time, and or 

is the concentration gradient. When the concentra- 

tion of the gas is expressed in terms of the pressure p, 
equation (1) becomes: 


G= — RT (2) 
If K is a linear function of pressure: 
K =a + bp (3) 


where a and 6 are constants, equation (2) may ‘be 
integrated using the boundary conditions: p = pi 
(inlet pressure) at x = L; p = pp» (outlet pressure) 
at «= 0; p= f(x) 0 < « < L for all time. 

The solution is: 


2a a x 2a 


where Ap = pi — po = pressure difference, pm = 
(pi+ po)/2 = mean pressure, and L is the length 
of the medium. This is the general equation for a 
parabola. 

We have measured the pressure at three points 
inside a split specimen for steady-state flow of nitro- 
gen, carbon dioxide and freon-12 (CF,Cl,) through 
Acheson ‘A’ and Morgan ‘EY9’ graphites. The 
experimental pressure distributions approximate to 
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Distribution of pressure through Acheson ‘A’ graphite 

Flow gas, = 6 cm. mercury, P, = 
ressure. 
, chord 


those predicted by equation (4) for 35 < Ap < 160 
em. mercury and 20 < pm < 120 cm. mercury. 
A typical distribution is reproduced in Fig. 1. In 
practice, the experimental pressures diverge from the 
theoretical parabola by up to 12 per cent at the 
centre of the specimen, the experimental error being 
less than 3 per cent. This divergence may be 
attributed to three possible causes: (1) inhomo- 
geneity in the graphite (the variation in K through 
specimens of the two graphites was 30 per cent and 
55 per cent respectively); (2) non-linearity of the 
dependence on pressure of K (in one of the graphites 
K = 0-25 + 0-065 p — 7 x 10~ p'-**), and (3) possible 
surface flow of adsorbed gas 
Carman! gives the integration of equation (2) as: 
K_A 
T 5) 
which he states is valid when Ap is small or K is 
independent of pressure. Now it may be readily 
shown from equation (4) that the tangent to the 
theoretical parabola at p = pm is parallel to the chord 
from pi to po, that is, at p = pm, 2 = 7. This 


means that (5) may be applied to 
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We are indebted to Mr. A. McNab of the Ney 
Zealand Department of Scientific and Industrig] 
Research for a helpful discussion. We acknowledge 
the support of the Australian Atomic Energy Com. 
mission in the award of a scholarship to one of yg 
(G. J. F.), and the provision of graphite samples, 


G. J. Freup 
H. Warts 


Department of Metallurgical and 
Chemical Engineering, 
University of Adelaide and 
South Australian Institute of Technology, 
Adelaide. 
* Carman, P. + of Gases through Porous Media, 3 (Butterworths, 
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? Biram, J. G., Nature, 187, 865 (1960). 


The Reaction Silicon-29(n,«)Magnesium-26 at 
14 MeV. Neutron Energy 


A 400 Q-cm. n-type silicon surface barrier detector 
was irradiated by neutrons of energy 14-03 + 0-05 
MeV. The experimental arrangement is identical 
with that described in an earlier communication! 
reporting results for (n,«) and (n,p) reactions in 
silicon-28 at the same neutron energy. 

The reaction silicon-29(n,«)magnesium-26 has a 
Q-value of — 0-022 MeV., so that although its abun. 
dance in natural silicon is only 4-7 per cent it is 
possible to observe the reaction in competition with 
the more intense silicon-28 reactions, as the typical 
energy spectrum of Fig. 1 shows. 

The results of Hinds and Middleton? for the energy. 
levels of magnesiun-26 enable assignment of the two 
highest energy groups to the magnesium-26 ground- 
state and the excited state at 1-801 MeV. The ground. 
state and first four excited states of magnesium-25, 
populated by the silicon-28(n,«)magnesium-25 re- 
action, are also present and are labelled. 

Dearnaley and Ferguson have examined the 
reaction silicon-29(n,x)magnesium-26 in the nuetron 
energy-range 5-8 MeV., and report a group which 
could correspond to transitions to a new first excited 
state in magnesium-26, located at 1-33 MeV. (ref. 3). 
Re-examination of the high-energy portion of our 
previously reported spectra did not yield evidence 


calculate K at the mean pressure in 
& porous medium for any Ap pro- 
vided that K is a linear function 
of pressure. 

Biram?, in a recent communica- 
tion, has proposed that the con- 
stants a and 6 in equation (3) can be 
obtained by measuring the pressure 
at the mid-point and at both ends 
of a specimen. The equation he 
gives may be derived from equation 
(4). In practice, we find that his 
method may involve an error as 
high as 120 per cent due to the 
reasons mentioned earlier which 
cause deviations of the experim- 
ental pressures from the theoretical 


parabola. 
We also take this opportunity to 
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for such a transition. Re-investigation of the relevant 
region with improved statistics was undertaken with 
the results given above, and fails to provide evidence 
for an alpha-particle group corresponding to the level 
postulated by Dearnaley and Ferguson. 

The approximate cross-section ratio for the 
magnesium -26 ground-state and 1-801-MeV. excited 
state groups, obtained in the present experiment, 

with that obtained by Dearnaley and Ferguson 
at 7-6-MeV. neutron energy. In the absence of a 
selection rule inhibiting the transition, one would 
expect the 14 MeV. (n,«) spectrum to exhibit a cross- 
section to the new magnesium-26 level similar to the 
ground-state cross-section. Fig. 1 indicates that this 
is not so, and if the level exists the cross-section for the 
trans/tion to it is less than 0-1 mb. 

Previous investigations of the energy-levels of 
magnesium-26, notably those of Hinds and Middleton, 
using the reactions magnesium-25(d,p)magnesium - 
26, aluminium-27(t,«)magnesium-26 and magnesium- 
24(¢,p)magnesium-26, gave no indication of a 
level in magnesium-26 at 1-33 MeV., nor did the 
experiment of Glover and Weigold‘, investigating the 
reaction aluminium -27(",d)magnesium-26. 

Dearnaley and Ferguson have considered and 
investigated possible sources of contamination and 
we can offer no obvious explanation for the peak 
observed in their results. Additional experimental 
evidence is required to resolve the problem of whether 
or not the postulated level exists. 
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W. M. DervucnHars* 
G. P. LAWRENCE 


Department of Nuclear Physics, 

Institute of Advanced Studies, 

Australian National University, 

Canberra. 

*Selby Fellow. Permanent address: Atomic Weapons Research 
Establishment, Aldermaston, Berks. 
1 Deuchars, W. M., and Lawrence, G. P., Nature, 191, 995 (1961). 
* Hinds, S., and Middleton, R., Proc. Kingston Conf. Res. Contrib.., 

No. 121 (1960). 

* Dearnaley, G., and Ferguson, A. T. G., Proc. Rutherford Conf. (1961), 
‘Glover, R. N., and Weigold, E., Nuclear Phys., 24, 630 (1961). 


GEOCHEMISTRY 


Origin of High Tritium Content of 
Atmospheric Methane, Hydrogen and 
Stratospheric Water 


Recent work (ref. 1 and Suess, H. E.. private 
communication) has shown that atmospheric methane 
has a fractional tritium content orders of magnitude 
higher than that of rain water and approaching 
that of atmospheric hydrogen and stratospheric water. 
The rate of increase with time of this tritium in 
methane makes it appear likely that it originates 
in the testing of nuclear devices. (The finding by 
Bishop et al.' that the specific activity of atmo- 
spheric methane appears to be lower in the tropo- 
sphere than in the stratosphere or at the surface 
is, however, not obviously explained on the basis of 
origin in thermonuclear explosion, or for that matter 
by origin from any single source.) However, no 
satisfactory mechanism by which such tritium can 
be incorporated in methane has been advanced. 
The high temperature and oxidizing conditions sup- 
posed to exist in the bomb fireball seemed to rule it out 
as a source of tritiated methane!. Biological pro- 
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cesses yielding methane of high specific activity are 
difficult to conceive; and indeed, sewage methane 
has little tritium content!. High atmosphere, radia- 
tion-induced mechanisms for exchange of methane 
with high specific activity atmospheric hydrogen can 
be formulated, but these mechanisms suggest that 
the methane is likely to be oxidized under the con- 
ditions required (Libby, W. F., private communica- 
tion). 

The thesis of this communication is that tritiated 
methane may after all be produced in the fireball, 
in a reducing atmosphere which I believe must 
exist at its centre. Thermonuclear weapons are 
presumably constructed primarily of reducing sub- 
stances. Following detonation, the hot gas formed 
from bomb material will push back the surrounding 
atmosphere to form a reducing core within the fire- 
ball. On cooling to about 3,000° C. this core will 
contract to a diameter approaching 100 metres, 
assuming some reasonable mass of the original 
weapon. During this stage the fireball is isothermal?, 
and it is very unlikely that the large reducing core 
will mix with its oxidizing surroundings. On further 
cooling its contents will form molecular species. The 
tritium may be expected to combine largely as metal 
hydrides, molecular hydrogen, water, ammonia 
and hydrocarbons including methane. (The necessary 
carbon may be derived from conventional explosives 
and any other carbonaceous material contained in 
the device.) 

At the end of the glowing, isothermal stage the 
reducing core, now hotter than its surroundings, will 
presumably tend to rise. During this convection, 
air will be entrained and the cooling, shrinking bubble 
of reducing gas may be expected to break up and mix. 
Insufficient data are openly available to speculate 
about how much combustion will occur during this 
process, but it would be surprising if such oxidation 
were complete. 

If the high tritium content of atmospheric methane 
is due to this mechanism the question arises why 
this same methane does not also have a high carbon-14 
activity’. It must be first pointed out that most of 
the carbon-14 from the '“N(n,p)"C reaction will 
be produced outside the reducing core and will there- 
fore appear as *CO,. However, even if the amount 
of carbon-14 within the core were of the same mag- 
nitude as that of tritium, then atmospheric methane 
resulting from such events having an activity of 
2 x 10 tritium units (T:H=1:5 x 101%) would have 
incremental carbon-14 activity amounting to only 
about 10 per cent of that of contemporary biosphere 
carbon. 

The hypothesis of a reducing core in a nuclear 
explosion fireball also suggests that the high tritium 
content of atmospheric hydrogen* of the thermo- 
nuclear era arises directly, and is not dependent on, an 
exchange between molecular hydrogen and tritiated 
water. Most of the tritium in the fireball will probably 
be combined in molecular forms other than methane 
and hydrogen, particularly in metal hydrides. These, 
and hydrocarbons less stable than methane (for 
example, acetylene), will afterwards be completely 
oxidized in the atmosphere to yield water vapour of 
high specific activity found in the stratosphere‘. 

The validity of the suggestion advanced here may 
be checked in several ways. The most direct involves 
sampling the fireball gases soon after they have cooled. 
Later tests on atmospheric gases may be based on 
the abnormally high ratio of deuterium to protium 
which may be presumed to exist in the fireball core. 
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Thus there should be an unnaturally high probability 
that a molecule of atmospheric methane containing 
tritium contains a deuterium atom as well. Such a 
measurement of the ratio CH,;T:CH,DT will require 
mass separation prior to the application of low- 
level counting techniques. The ratio of HT:DT in 
atmospheric hydrogen is much easier to determine 
since these isomers can be separated by gas chromato- 
graphy*. The answer here will depend not only on 
the origin of the tritiated hydrogen, but also on 
whether it can undergo exchange with atmospheric 
water. 

I am indebted to Prof. W. F. Libby and to Dr. 
E. A. Martell for stimulating discussions of the 
present proposal. This work was supported by the 
U.S. Air Force and Atomic Energy Commission. 

RicHARD WOLFGANG 


Department of Chemistry, 
University of California, San Diego. 
La Jolla, California. 


* On leave from the Chemistry Department, Yale University, New 
Haven, Connecticut. Direct inquiries to this address. 


* Bishop, Delafield, Eggleton, Peabody and Taylor, Symp. Detection 
and Use of Tritium in the ) deemed and Biological Sciences, Vienna, 
1961, Paper No. T7TS/79. 

* The Effects of Atomic Weapons, edit. at Los Alamos Scientific Lab- 
1950 (U.S. Government Printing Office, Washing- 

) 


* Gonsior, B., Begemann, F., and Fried- 


Naturwiss., 46, 201 (1959). 
Bishop, K. F., and 


man, ay Z. Naturforsch., 14, a, 1024 (1959). 
Taylor, B. T., Nature, 185, 26 (1960). 
* Hagemann, Gray, Machta and Turkevich, Science, 182, 542 (1960). 
Lee, J. K., Musgrave, B., and Rowland, F. 8., J. Chem. Phys., 32, 
1266 (1960). 


Formation of Pegmatitic Carbonatite in a 
Syenite-Marble Contact 


IMMEDIATELY north of the village of Karacayir, 
vilayet Sivas, Turkey, & small intrusion of rather 
coarse-grained syenite occurs in a banded marble 
formation of unknown age. Here I had occasion to 
study in some detail a peculiar coarse-grained marble 
of pegmatitic appearance, containing biotite and 
apatite. The banded marbles seem to be regionally 
metamorphosed, on which the thermal metamorphism 
caused by the intrusion is superimposed. The part 
of the marble which pretrudes into the syenite is 
changed into a carbonatite—pegmatite. Otherwise the 
marbles retain their regular banding, which even 
seems to be accentuated when nearing the contact. 
Within the aureole of thermal metamorphism small 
crystals of phlogopite and diopside deveiop in small 
amounts on the stratification planes as well as 
throughout the marble. Near the contact small 
dikes of syenite-aplite and more-or-less crushed 
syenite-pegmatite cut through the marbles; the 
syenite itself contains locally muscovite. 

A non-metamorphic fossiliferous impure nummulitic 
limestone lies unconformably on top of both marble 
formation and syenite, thereby defining the age of the 
latter as pre-Eocene. Intra-formational conglom- 
erates are polymixt, containing quartz-pebbles, 
quartzites, quartzitic schists and acid intrusives. 

Next to calcite the pegmatitic carbonatite contains 
large (up to 1 in. and more) biotite crystals, slender 
hexagonal prisms of green apatite, and locally small 
idiomorphie thorianite (ThO,) crystals. In one 


place a mass of large idiomorphic allanite crystals 
has been found, of platey habit, up to 1 in. across. 
Direct evidence that this carbonatite actually passed 
through a molten state is not available, as no carb- 
onate-glass was found. 


Wyllie and Tuttle’ state 
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that: “Some carbonate liquids can be quenched to a 
glass by extremely rapid cooling, but in nature such 
rapid cooling is unlikely and evidence of melting jn 
rocks will be difficult to find’. 

The total obliteration of the pre-intrusive structure 
of the marble, the idiomorphic and coarse-grained 
habit of its constituent minerals, its obvious per. 
meation with magmatic fluids (addition of thorium, 
rare earths, phosphorus pentoxide, (Fe,Mg)0, 
silica and water) indicate a pseudo-liquid condition 
of this carbonatite mass at the time of the syenite 
intrusion. This condition is most probably caused by 
the presence of a liquid phase, a carbonate melt, 

According to the same authors' the partial melting 
of carbonates in the presence of water vapour starts 
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at temperatures as low as 650° C., and at pressures | 


reached at relatively high levels in Earth’s crust, 
This temperature is almost certainly exceeded during 
the intrusion of a syenitic magma. In another publica. 
tion Wyllie and Tuttle? state that: “‘Although calcite 
is generally the dominant mineral in carbonatites . . . 
apatite and mica are constant accessories”. The 
presence of radioactive and rare-earth minerals 
(thorianite and allanite) in the carbonatite mass 
shows its close affinity to ‘normal’ intrusive carb. 
onatites. It is believed, in the light of the results 
obtained by Wyllie and Tuttle'*, that pressure. 
temperature conditions in this contact provoked the 
(partial) liquefaction of the marble, which recrystall. 
ized on cooling as a pegmatitic mass of carbonatite 
composition. The importance of this example lies in 
the fact that here a carbonatite, associated as usual 
with alkaline intrusives, is still indisputably recog. 
nizable as the direct continuation of a sedimentary 
marble. Though I certainly do not claim definitely 
that carbonatites must be formed this way, it shows 
at least that they may. 
R. D. 


Department of Geophysics and Geochemistry, 
Mineralogical Geological Institute, 
University of Utrecht. 
1 Wyllie, P. J., and Tuttle, O. F., Amer. Min., 44, 453 (1959). 
? Wyllie, P. J., and Tuttle, O. F., Nature, 183, 770 (1959). 


METALLURGY 


Embrittlement of Grain Boundaries by 
Equilibrium Segregation 

EQuILIBRIUM segregation of impurities or solute 
elements has frequently been suggested as a cause 
of grain boundary embrittlement in metals and 
metallic compounds, but the evidence has been 
largely indirect. Even if the existence of grain boun- 
dary segregation be granted in specific instances, the 
manner in which such segregation might give rise to 
embrittlement has remained wholely speculative. 
It is the purpose of this communication to report that 
in a large number of cases where boundary segregation 
is established, suspected, or possible, a significant 
hardening of the grain boundary region relative to 
that of the interior of the grain is observed by micro- 
hardness measurements. 

A typical result is shown in Fig. 1 for a high-purity 
iron sample treated by Ainslie e¢ al.' in a sulphur 
bearing atmosphere and demonstrated by them with 
tracer techniques to contain sulphur absorbed in 
grain boundary regions. This case appears to be the 
most firmly established instance of equilibrium grain 
boundary segregation on record. Tests on a com 


Hardness (kam 


P 
al 
sl 
& 
0! 
w 
te 
al 
= 
be 
sin 
Al 
Be 
Sil 
Mi 
li 
N 
N 
ap 
of 
801 
bo 
It 
to 
qu 
Seg 
sm 
q 1ro 
| 
int 
th 
éle 


99). 


December 30, 1961 


No. 4809 
GRAIN 
150 + BOUNDARY 
! 
! 
130 


Hardness (kgm./mm.*) 


--- 


~ 

= 


Distance from boundary (#) 
Fig. 1 


panion sample which had been subjected by Ainslie 
et al. to identical heat treatment in sulphur-free 
atmosphere showed no boundary hardening what- 
soever. The intensity of the peak hardening in the 
sulphur-segregated iron (about 40 per cent), and the 
extent of the measurable effect (about 50u either side 
of the boundary) are typical, but hardness differences 
of as much as 60 per cent and breadths as great as 
100 on each side have been observed in some cases 
with other systems. Although effects of relative 
orientation of grains undoubtedly exist, they appear 
to be small since comparable hardening is observed in 
all boundaries of a randomly oriented polycrystalline 
sample. 

Table 1 lists some of the cases in which grain 
boundary hardening by equilibrium segregation has 
been observed in the present investigation. Later 
publications will report these results in more detail. 


Table 1 
References suggest- 
yy ing segregation or 
Base material Suspected 4H %  Teporting embrit- 
segregant H tlement by trace 
impur- 
[ron ‘ 8 43 Ainslie et al. (ref. 1) 
Iron 0 30 w and Feustel 
(ref. 2) 
Aluminium bronze Al 13 Perryman (ref. 3) 
Beryllides O and/or N 50 Lewis (ref. 4) 
Silicides O and/or N 33 Fitzer (ref. 5) 


Miscellaneous intermetal- 
lics, for example, AgMg, 
NiAl, Ni, Al, CoCr-o, 

Ni, Ti, ete. 


Westbrook and 
Wood (unpub- 
lished work) 


O and/or 15-60 


Our experiments show certain features which 
appear to be common to the general phenomenology 
of the effect. 

Among these are: 

(1) Segregation is dependent on temperature. In 
some instances, segregation, and therefore grain 
boundary hardening, dis«sppears at high temperatures. 
It is therefore possible, in favourable circumstances, 
te eliminate segregation and improve toughness by 
quenching. 

(2) Segregation is frequently modified by the 

presence of another trace impurity, for example, 
segregation of oxygen does not occur in iron bearing 
small amounts of carbon but only in decarburized 
iron. 
(3) Grain boundary hardening by segregation in 
intermetallic compounds seems only to occur when 
there is a stoichiometric excess of a chemically active 
element. 
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(4) Kinetics of segregation and desegregation are 
extremely rapid, suggesting lateral transport of 
segregant along some ‘short circuiting’ diffusion path. 

Previous suggestions for mechanisms of grain 
boundary embrittlement by segregation have involved 
internal stresses, changes in melting point, and 
changes in surface energy. While ali are conceptually 
plausible, no such mechanism has had unambiguous 
experimental support. I. is now clear that in a large 
number of cases embrittlemert results from the 
creation of a barrier to dislocation propagation by 
formation of a hardened region at and near the 
boundary. Whether this hardening occurs by a 
solution hardening mechanism or by changes in the 
dislocation density and structure at and near boun- 
daries is not yet certain and the particular source of 
hardening may well vary from one case to another. 
In the particular case of iron-sulphur, the extensive 
networks of dislocations adjacent to grain boundaries 
revealed in the transmission electron micrographs of 
Ainslie et al.* are adequate to account for the observed 
boundary hardening. 

We are grateful to Messrs. N. G. Ainslie, E. A. 
Aitken and J. R. Low for the loan of samples, to 
A. J. Peat for assistance, and to J. R. Low, A. U. 
Seybolt and D. Turnbull for helpful discussion. 

J. H. WeEsTBROOK 
D. L. Woop 
General Electric Research Laboratory, 
Schenectady, New York. 


8 —_, G., Hoffman, R. E., and Seybolt, A. U., Acta Met., 8, 523 
qa 


2 Low, J. R., and Feustel, R. G., Acta Met ,1, 185 (1953). 

3 Powys)” E. C. W., Trans. Amer. Inst. Mining Met. Eng., 197, 906 
(a 

* Lewis, J. R., J. Met., 18, 829 (1961). 

* Fitzer, E., Proc. Second Plansee Seminar, 56 (1955). 


° Aten’ G., Phillips, V. A., and Turnbull, D., Acta Met., 8, 528 
1960). 


Stress Concentration Effects in Tertiary 
Creep 


In most cases, fracture under high-temperature 
creep conditions results from the formation and link- 
ing up of small voids on the grain boundaries within 
the metal. A period of accelerating creep precedes 
the fracture and it is generally assumed that this 
acceleration is caused by the reduction in stress- 
carrying area through the formation of these voids?:?. 

It has recently been shown that the density of 
a material during creep decreases at an approximately 
linear rate up to the onset of tertiary creep but 
thereafter decreases at a continuously increasing rate 
until fracture ensues’. If stress concentration is 
the cause of tertiary creep, the reduction in cross- 
section must have increased the stress to a value which 
gives a detectable change in the rate of deformation 
at this stage. Clearly the dependence on stress of the 
rate of creep will then be an important factor in 
determining when this increase in creep-rate will be 
detectable and also in the rate of acceleration to 
fracture, that is in the fraction of the total time to 
rupture which is spent in tertiary creep. 

Some recent work‘ on nickel allovs containing 
only 0-012 wt. per cent of tin is significant in this 
respect. When tested at 400°C. this material is 
extremely dependent on stress, a stress increase of 
10 per cent giving an increase in minimum creep-rate 
and a decrease in fracture-life by a factor of 10°. 
On the basis of a stress concentration mechanism for 
tertiary creep it might therefore be expected that a 
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very rapid acceleration to fracture would be observed 
at an early stage of creep. However, this is found 
not to be the case. The shape of the creep curves 
for this material is very similar to those for pure 
nickel at this temperature and similar to tests on the 
same material at higher temperatures where no 
large stress-dependent effects are observed. 
Considerable necking occurred before fracture at 
400° C., but this must have occurred at a late stage 
of tertiary creep since only a small amount of necking 
would have been sufficient to give almost immediate 
fracture with a material having such a stress-depen- 
dent creep-rate. 
We conclude, therefore, that stress concentration, 
effected by void formation or necking, is not important 
in causing the acceleration in creep-rate before frac- 
ture. 
P. W. Davies 
B. WILSHIRE 


Metallurgy Department. 
University College, 
Swansea. 


1 Crussard, C., and Friedel, J., V.P.L. Symp. on Creep and Fracture 
of Metals at High Temperatures, 1954, 243 (H.M.S.O., London, 
1956). 

* Sully, A. H., Progress in Metal Physics, edit. by Chalmers, B., and 
King, R., 6, 168 (Pergamon Press, London, 1956). 

® Boettner, R. C., and Robertson, W. D., Amer. Inst. Mech. Eng. 
(Met. Soc.), 221, 613 (1961). 

* Davies, P. W., and Dennison, J. P., J. Inst. Metals, 90,53 (1961-62). 


CHEMISTRY 


Structure of 2,5-DimethylI-Dithio- 
urophthene, a Homologue of Thio- 
Thiophthene 


Dvurinc work on a series of sulphurated cyclic 
compounds', we have determined the structure of a 
substance to which formula I was previously ascribed. 


The substance erystallizes from toluene as yellow- 
orange prisms, often twinned, belonging to a mono- 
clinie system, space-group P2,/c; four molecules are 
in the unit cell of dimensions: 


a= 444 b= 10-78 c= 17-:20A. = 97° 20’ 


Observed density 1-40 gm.cm.-*: calculated 1-42. 
Single-crystal precession and Weissenberg photo- 
graphs enabled us to carry out X-ray analysis on 
both (100) and (010) projections. We determined the 
structure not with a heavy-atom method but using 
Sayre’s direct method*. The usual refinement process, 
based on a few Fourier and difference syntheses, gave 
the present values for the reliability index, R = 0-21 
and R = 0-13 for Okl and AOI reflexions, respectively. 
Within experimental error, the molecule is planar, 
maximum perpendicular distance from mean plane 
being 0-04 z Fig. 1 shows the molecular shape with 


bond lengths and angles, the corresponding shape of 
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Fig. 1 


thio-thiophthene, as obtained after the last refine. 
ment, being also drawn for comparison (broken line), 

The oxygen-sulphur-sulphur system is seen to be 
almost linear, with the oxygen atom in the extreme 
position. These results are in full agreement with the 
structure proposed in ref. 3, and confirmed in ref, 4 
with the aid of nuclear magnetic resonance analysis 
Further chemical evidence was recently provided in 
ref. 5. 

A comparison of this structure with the thio. 
thiophthene system is of great interest. The two 
molecules have about the same shape, structural 
configuration and crystal packing: substitution of 
one sulphur atom with oxygen only causes the 
electronic arrangement to be slightly different. |p ' 
fact, we know that each sulphur-sulphur bond in 
thio-thiophthene may be regarded as made up from 
both fractional o and x bonds, the bond orders being 
0-707 and 0-439, respectively*. The o and = exchang | 
integrals are, approximately, 8 and 38 (where 6 is the 
carbon-carbon x exchange integral), so that the bond | 
is longer than the single one, even with a bond order 
sum greater than unity. : 

Substitution of one sulphur atom by oxygen 
allows the same electronic interaction to take place 
only to a much less extent, owing to the different 
electronegativities of sulphur and oxygen, and to the 
much smaller overlap between the orbitals of the two | 
atoms. The sulphur—oxygen and overlap integral 
for a distance of 2-41 A. are, in fact, reduced to! 
approximately one-third the values for the sulphur | 
sulphur interaction in the thio-thiophthene. This |” 
reduction must also result in a corresponding increas | 
of sulphur-sulphur overlap integral, in the oxygen- | 
sulphur-sulphur system. 

This discussion gives a satisfactory account of the 
following experimental data: shortening of th| 
sulphur-sulphur bond (2-12 A.) with respect to 
thio-thiophthene (the + bond order is very close to! 
unity); carbon-oxygen distance only slightly longer 
(1-27 A.) than the double-bond distance; rathe 
distinct localization of double bonds in the carbon} 
atoms chain; central carbon-sulphur bond length 4 
nearly the same as the other. ig 

From Fig. 1 we can also notice in the presen A 
structure a reduction of valence angles not only i) 
the right ring, but also in the left one. This mean)” 
that the abnormal sulphur oxygen length (2-41 A 
half-way between a single bond and Van der Wash) 
distance, is chiefly to be considered a consequence 0 f 
the reluctance toward distortion of the carbon atonf 
valence angles. From a geometrical point of view, i! 
may be noted that the carbonylic group is anyway fj 
held in the molecular plane by its resonance with tk 
dienic system. We can say, therefore, that th} 
essential features characterizing thio-thiophther 
are present in this structure, but to a small exten 
so that the actual »lectronic distribution is be 
represented by the formula shown in Fig. 2, in whit 
are also indicated, for each bond, the percentage @ 
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double bond (or of single bond relatively to Van der 
Waals radii, for oxygen-sulphur and sulphur-sulphur 
distances). 

For these reasons, the denominations suggested 
by Prof. Richter, Beilstein Institute, Hamburg (cf. 
ref. 5), must be accepted as very rational and exact ; 
for 2,5-dimethyl- thio. thiophthene it is: 

meribicyclo-epidithio-(2,4)-eptadien-thion(6) 
and for 2,5-dimethyl-dithio-furophthene it is: 
epidithio-(2,4)-eptadion-on(6) 

Further theoretical investigations, of the type 
performed by Giacometti and Rigatti* for thio- 
thiophthene, are under way, and will give a more 
exact description. Some other compounds, homo- 
logous with thio-thiophthene, with sulphur atoms 
substituted by possible other group VI elements, are 
now under examination. 

We gladly acknowledge the financial support by 
Shell International Research Maatschappij N.V., The 
Hague, Netherlands. 

M. 
R. Barpt 

G. TRAVERSO 
8. Brzzz 


Centro di Strutturistica Chimica del C.N.R., 
Sezione di Padova/Istituto di Chimica Fisica, 
Universita di Pavia. 

' Bezzi, S., Mammi, M., and Garbuglio, C., Nature, 182, 247 (1958). 

‘Cochran, W., and Penfold, B. R., Acta Cryst., 5, 644 (1952). 

* Bezzi, 8., Garbuglio, C., Mammi, M., and Traverso, G., Gazzetta 
Chimica I , 88, 1226 (1958). 

‘Hertz, H. . "Travers, G., and Walter, W., Liebigs Ann, Chem., 
625, 48 (1959). 

* Behringer, n. Reimann, H., and Ruff, M., Angew. Chem., 72, 415 


(1960) 
*Giacometti, G., and Rigatti, G., J. Chem. Phys., 30, 1633 (1959). 


Hydrogen Bonding in Alkyl Phosphonic 
Alkyl Acids 


In a recent series of papers', Peppard et al. have 
examined alkyl and aryl phosphoric and phosphonic 
acids and their esters. As a result of cryoscopic and 
infra-red measurements, they have concluded that, 
except in acetic acid solution, organophosphorus 
acids are dimeric, or polymeric, depending on the 
solvent, and that there is no evidence of the monomer 
in dilute solutions (7/1,000) in carbon tetrachloride. 
They conclude that the hydrogen bonding in these 
acids is stronger than that in carboxylic acids. These 
conclusions are in agreement with those reached by 
earlier workers?-*, who ail report the bonding to be 
unaffected by dilution in non-polar solvents. In view 
of these findings, it has been suggested*-* that the 
hydrogen bonding may be intramolecular. 

ination of more dilute solutions of ethyl 
methylphosphonic and ethyl methylphosphonothionic 
acids has shown that, if the dilution is great enough, 
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these hydrogen bonds can be broken, and that the 
bonding is therefore inter- and not intra-molecular. 

Using carefully dried carbon tetrachloride as the 
solvent, path-lengths of up to 10 em. and d~uble-beam 
compensation of solvent absorption, the results shown 
in Figs. 1 and 2 were obtained. With ethyl methyl- 
phosphonothionic acid (Fig. 1), the initial bonded 
—OH absorption band at 3-272 (3,058 om.-') 
decreases in intensity, relative to the C—H absorption 
band at 3-4u (2,940 cm.-!), as the concentration of 
the solution decreases, and is replaced by a new 
absorption band at 2-78 (3,600 cm.-'). In addition, a 
band at 4-35 (2,300 cm.-') progressively decreases 
in intensity and is replaced by a band at 4-65 
(2,150 cem.-'). 

In the case of ethyl methylphosphonic acid, the 
evidence is not so complete owing to experimental 
limitations. No indication of breaking of hydrogen 
bonds is obtained in solutions more concentrated than 
M/3,000. Comparing the spectrum of a 1l-cm. path- 
length of this concentration with that of a 10-cm. 
path-length of M/30,000 (Fig. 2) shows that 
the absorption band at 3-8u (2,630 cm.-*) has de- 
creased in intensity relative to the C—H absorption 
at 3-4u (2,940 cm.-') and that a new band is appearing 
at 3-lu (3,230 em.-"). It was not possible to investi- 
gate this problem further as the spectrophotometer 
would neither accommodate a longer absorption cell 
nor produce reliable spectra from more dilute solu- 
tions over the same absorption path. It might be 
possible, however, to continue the observations using 
means such as electronic scale expansion. The detec- 
tion of a change in the intensity of the bonded OH 
absorption band, together with the appearance of a 
band at higher frequency, shows that the hydrogen 
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Fig. 1. Spectra of ethyl methylphosphonothionic acid. (a) Cap- 

m, undiluted: (6) M/350 in carbon tetrachloride, 1 cm.; 
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Transmittance 


3 
Wave-length 


Fig. 2. Spectra of ethyl methylphosphonic acid in dilute solution. 
(a) M/3,000 solution in carbon tetrachloride, 1 cm.; (6) M/30,000 
solution in carbon tetrachloride, 10 cm. 


bonds are beginning to break in very dilute solution. 

It is therefore concluded that, as in the case of the 

phosphonothionic acid, the hydrogen bonds must be 

inter- rather than intra-molecular. 

These experiments also throw some light on the 

assignment of the absorption bands associated with 
Z8 

the P. and P, groupings. The P. grou 
OH 


in /P compounds is characterized by absorp- 


tion bands in the regions: (a) 3,000-3,100 cm.-* and 
(6) 2,200-2,360 cm.-', whereas the same group in 
“ou 
in the regions: (a) 2,525-2,725 em.-1; (b) 2,150 
2,350 em.-'; (c) 1,600-1,700 em.-'; (d) 480-530 cm.-'. 

As bands (a) and (6) occur in both types, these must 
be vibrations associated solely with the P—-O—-H 
vibrations, band (a) being the O—H valency vibration. 
In view of the movement of band (6) to lower fre- 
quencies when the hydrogen bonds are broken, this 
band is assigned to a combination band involving the 
OH deformation vibration. Observations on deutera- 
tion, which will be reported in more detail elsewhere, 
have indicated that the O—H deformation vibration 
in P—O—H groups is in the vicinity of 1,250 cm.-'. 
This is contrary to the assignments for this band 
given by Bellamy* and Corbridge’, but in agreement 
with those of Ryskin and Stavitskaya*. The P—O—(H) 
vibration is found in the range 910—-1,030 cm.-‘ (ref. 
6) and the combination of the P—O—(H) vibration 
with the O—H deformation vibration would then result 
in a frequency in the range ascribed to band (5), 
which is therefore assigned to a combination of these 
vibrations. 


Band (c) in Py 
A 


compounds has four characteristic bands 


compounds has been 


assigned*-* to the O—H deformation vibration. In the 
light of evidence from deuteration this assignment is 
no longer valid. As this band does not appear in 
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involving the P=O vibration. As this occurs in the 
region of 1,200 cm.-!, this implies a frequency in the 
region 400-500 cm.-' for the other component. Band 
(c) is therefore tentatively assigned to a combination 
of the P=O valency vibration and of band (d), 
which is otherwise unassigned. 


L. C. THomas 
Rosemary A. CHITTENDEN 
H. E. R. Hartiry 


Chemical Defence Experimental Establishment 
(War Department), 
Porton Down, Wilts. 
s Peggesd. D. F., Ferraro, J. R., and Mason, G. W., J. Inorg. Nucl, 
*hem., 4, 371 (1957).; 7, 231 (1958); 12, 60 (1959); 16, 246 (1960), 
* Bellamy, L. J., Infrared Spectra of Complex Molecules, second ed. 
(Methuen, London, 1959). 
* Maarsen, J. W., thesis, University of Amsterdam (1956). 
* Jones, R. N., and Sandorfy, Camille, ‘“‘The Application of Infrared 
and Raman Spectrometry to the Elucidation of Molecular 


Structure”; 
Spectroscopy (Intersci. Pub., London, 1956). 


* Freedman, L. W., and Doak, G. O., Chem. Rev., 57 (3), 479 (1957), 

* Thomas, L. C., Chem. and Indust., 198 (1957). 

* Corbridge, D. E. C., J. App. Chem., 6, 456 (1956). 

* Ryskin, Ya. L., and Stavitskaya, G. P., Optics and Spectroscopy, 7, 
488 (1959). 


compounds, it may be a combination band 


Synthesis of the Toxic Principle of 
Dichapetalum toxicarium (18-Fluoro- 
cis-9-Octadecenoic Acid) 


Dichapetalum toxicarium (Chailletia toxicaria, Don). 
a shrub occurring in Sierra Leone, produces a hard 
and woody fruit which is extremely toxic to warm. 
blooded animals. The pharmacological, medical, and 
historical aspects of this plant have recently been 
reviewed. Peters and colleagues have concluded, on 
the basis of nuclear magnetic resonance, infra-red 
spect®*scopy and ozonolysis, that the toxic principle 
is 13-fluoro-cis-9-octadecenoic acid (w-fiuoro-oleic 
acid), F(CH,),;CH=CH(CH,),COOH. It was in 
order to confirm this conclusion that the following 
synthesis of w-fluoro-oleic acid was undertaken: 


F(CH,),Br + NaC=CH— 
F(CH,),C=CH + 1(CH,),Cl- 
F(CH,),C=C(CH,),Cl + NaCN— 
F(CH,),C=C(CH,),CN— 
F(CH,), C=C(CH,),CONH,— 
F(CH,),C =C(CH,),COOH— 
F(CH,),CH=CH(CH,),COOH (cis) 


Using N,N-dimethylformamide and xylene as 
solvents, 8-fluoro-octyl bromide* was converted to 
10-fluoro-1-decyne in 60 per cent yield, b.p. 81-8? 
(10 mm.), np** 1-4250, d,*° 0-877 (found: C, 76-48; 
H, 11-02. C,.H,,F requires: C, 76-87; H, 10-97 per 
cent). Previous work‘ had indicated that the w-fluoro- 
l-alkynes, in the presence of reactants such as 
sodamide and Grignard reagents, tended to lose 
fluorine rather than form the expected acetylenic 
organometallic derivative; however, by using metallic 
lithium in liquid ammonia, 10-fluoro-1-decyne formed 
1-chloro-17-fluoro-8-heptadecyne in 89 per cent 
yield, b.p. 137° (0-25 mm.), np** 1-4610, d,** 0-969 
(found: C, 70-56; H, 10-38; Cl, 12-42. C,,H, CF 
requires: C, 70-68; H, 10-47; Cl, 12-28 per cent). 
Reaction of this last compound with sodium cyanide 
in dimethyl sulphoxide gave the corresponding 
nitrile in 93-5 per cent yield, b.p. 139° (0-025 mm), 
np* 1-4578 (found: C, 77:29; H, 10-77; N, #7. 
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CysHaoF N requires: C, 77-36; H, 10°82; N, 5-01 
yer cent). 

Preliminary work using 15-cyano-1-fluoro-7-penta- 
decyne had indicated the difficulty of hydrolysing this 
type of nitrile, because the triple bond is susceptible 
to acidic reagents and the fluorine to vigorous alkaline 
treatment. The required w-fluorostearolic acid was 
ultimately obtained in 73 per cent yield by treatment 
of l-eyano-17-fluoro-8-heptadecyne with hydrogen 
peroxide and alkali followed by hydrolysis of the 
resultant amide with alcoholic potassium hydroxide. 
m.p. 52-53° from aqueous methanol (found: C, 72-50; 
H, 10-28. C,,H;,FO, requires: C, 72-31; H, 10-47 
per cent). Stereospecific partial hydrogenation of 
this fluoroacetylenic acid using Lindlar catalyst 
gave a 99 per cent yield of w-fluoro-oleic acid, recrys- 
tallized from 30-60° petroleum ether at 2° (found: 
C, 71:92; H, 11-21; F, 6-16. C,,H,,;FO, requires: 
C, 71:95; H, 11-07; F, 6-32 per cent). The overall 
yield from 8-fluoro-octyl bromide was 36 per cent. 
The physical properties of this acid are shown in 
Table 1 and are compared with those of a sample of 
the naturally occurring acid provided by Peters. 
Hydrogenation of the synthetic -fluoro-oleic acid 
using platinum and hydrogen formed -fluoro- 
stearic acid, m.p. 77—78° from methanol; mixed with 
authentic «-fluorostearic acid®, m.p. 76-77°. 


No. 4809 


Table 1 
PROPERTIES OF NATURAL AND SYNTHETIC w-FLUORO-OLEIO ACID 
Natural Synthetic Interpretation 
Melti int 12-4-13°5° 15°8-16-8° 
1-4616 1-4598 
Infra-red 8,007 3,005 CH stretching of CHR= 
(em.~*) * CHR’ (cia) 
1,710 1,711 C=O stretching of COOH 
1,413 1,412 CH in-plane deformation 
2008 068 of CHR=CHR’ (cis) 
1.012 1015 sC—F stretching 
726 726 CH out-of-plane deform- 
ation of CHR=CHR’ 
(cis) 
Nuclear mag- »} 258 259 
netic reson- JHF 47 47 FCH, 
ance (c./3.)t Jaa§ 
5 5 —CH=CH— 


* Determined using a Beckman /R-7 infra-red spectrophotometer ; 
the absence of a band at 980-960 cm.-' indicates the cis isomer; 
elaidic acid showed a strong band at 970 cm.-' resulting from CH 
out-of-plane deformation of CHR=CHR’ (trans). 

+ Determined using a Varian 60 Mc./sec. V-4302B spectrometer. 

from tetramethylsilane. 

Spin-spin interaction with adjacent methylene group. 


The proton resonance spectral data are listed in 
Table 1. The w-CH, group appeared as a doublet of 
triplets centred at 258 c./s. for the natural material 
and at 259 c./s. for the synthetic acid; the splitting 
is due to spin-spin interaction with the terminal 
fluorine and the adjacent methylene group. The 
coupling constants were the same in each case. The 
olefinic protons absorbed at 317 c./s. and 316 c./s. for 
the two samples, again with identical coupling 
constants; the olefinic protons in a sample of oleic 
acid also gave exactly the same results (v = 316 c./s.; 
J =5c./s.). The results determined for the natural 
product are in good agreement with those previously 
reported’. 

There can thus be little doubt that the toxic 
principle of Dichapetalum toxicarium is indeed 
®-fluoro-oleic acid. This acid is only the second known 
naturally occurring organic fluorine compound, the 
first being fluoroacetic acid. It is not improbable that 
there is some biogenetic relationship between the two 
compounds. Further work on this and other w-fluoro 
unsaturated acids is in progress. 


> oF 
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We thank Sir Rudolph Peters for kindly providing 
us with a sample of the naturally occurring acid, 
Allied Chemical Corporation, General Chemical 
Division, Morristown, N.J., for financial assistance, 
and Dr. J. B. Stothers of this Department for help 
with the nuclear magnetic resonance spectra. 


F. L. M. Patrison 
R. E. A. DEAR 


Department of Chemistry, 
University of Western Ontario, 
London, Ontario. 
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‘ nee F. L. M., and Norman, J. J., J. Amer. Chem. Soc., 79, 2311 

* Pattison, F. L. M., Stothers, J. B., and Woolford, R. G., J. Amer. 
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Effect of Strong Electrical Fields on the 
Boiling Points of some Alcohols 


Katti and Chaudhri! have published a set of 
measurements on the effect of electrical fields on the 
boiling points of methanol, ethanol, and isopropanol. 
This is an effect which can be calculated from the 
first principles of thermodynamics. 

A boiling liquid in an electrical field does both 
electrical and pressure-volume work; the conserva- 
tion of energy equation isdU = TdS — PdV + EdP’, 
where P is the pressure, P’ the polarization and EZ the 
electric field. Hence the chemical potential of the 
liquid may be written as: 

du, = — + v,dP — 
where small italics stand for gram molecular 
quantities. The condition of phase equilibrium is 
du, = dug, hence = — 
The equation is exactly analogous to the Claperon 
equation. 

For such liquids as methanol, p’ = (< —1)vE, so that: 

aT — — — 

Ah 
If the electrical work stored in the liquid is small 
compared with the heat of vaporization at zero field, 
and the change in boiling points is so small that one 
can ignore changes in the dielectric constants of 
liquid and vapour, then this equation may be inte- 
grated. Approximating In7T/T, as AT7/T,, we find 
that: 


(ce, — — (eg — 

2Ah 
This equation is valid for a system in which all the 
material, liquid and vapour, remains within the field. 
If experiments are done in a constant-volume con- 
tainer (as were Katti and Chaudhri’s), a term must be 
added to the conservation of energy equation to 
account for the work done in removing vapour from 
the field. This has the effect of changing vg to 1». 
Since eg — 1 is very small compared to ¢, — 1, this 
correction is not important, even though the molar 
volume of the gas is much greater than that of the 
liquid. 

It should be noted that Katti and Chaudhri used 
an a.c. field. They did not give the frequency, but it 
was presumably low enough for the dielectric con- 
stants to be approximately equal to their d.c. values 
and high enough for their Beckmann thermometer to 


AT = T, E? 


band 
n the 
n the 
ation 

Nuel 
(1960), a 
md ed. a 
afrared | ie 
lecular 
| 
hard 4 
and 
1?, on 
a-red 
ciple 
-olei¢ 
s in 
wing 
‘ 

| 

to 
1-82° 
6-48; 
7 per ; 
uoro- 
h as 
lose 
‘lenic 
tallic 
rmed 
cent 
0-969 
ent). 
anide 
pm.), 
4-79. 


1286 


respond to the average temperature. In this case one 
can calculate the expected change in temperature, 
taking EZ as its root mean square value. 

Since AT = C E?, where C is a combination of the 
molecular constants, and using standard values? one 
finds that C in M.K.s. units equals 5-3, 5-5 and 5-7 x 
10-'? for methanol, ethanol, and isopropanol respec- 
tively. Hence, for example, methanol at 5 kV./cm. 
will show a rise of boiling point of 1-3 x 10-5 deg. C. 
At 5 kV./em. Katti and Chaudhri observed boiling 
point depressions of 2-0, 0-7, and 0-4 deg. C. for 
methanol, ethanol, and isopropanol, respectively, in 
complete disagreement with theory. 

I thank Dr. E. R. Nightingale for helpful discus- 
sions, and Esso Research and Engineering for per- 
mission to publish this communication. 


Ricuarp K. Lyon 


Esso Research and Engineering Co., 
Linden, New Jersey. 
' Katti, P. K., and Chaudhri, M. M., Nature, 190, 80 (1961). 
* Lange, N. A., Handbook of Chemistry (Handbook Publishers, Inc., 
Sandusky, 1949); International Critical Tables (McGraw-Hill, 
New York, 1926). 


Since the publication of our communication in 
Naiure, several attempts have been made to explain 
this phenomenon and to calculate the magnitude of 
the lowering of the boiling points. These attempts 
naturally deal with the application of thermo- 
dynamics to the mechanical effects arising out of the 
application of strong electrical fields to dielectrics. 
These models, however, predict very small lowering 
of the boiling points (of the order of 10-5 deg. C. for 
fields of the order of 5 kV./cm.). 

In fact we ourselves were led to this investigation 
nearly two years ago because of a suggestion by Prof. 
D. 8. Kothari based on the Clapeyron equation with 
change of pressure replaced by KE*/8x. We did not 
refer to this in our communication becuse a reference 
to it was made in an earlier book on physical chemistry 
and secondly because the sign and the magnitude of 
the observed changes in the boiling points are not in 
agreement with this model. 

The main purpose of our communication was to 
point out the unusually large depression of the boiling 
pointe of the liquids under the experimental conditions 
used. More experimental work is clearly necessary, 
and we hope to report on further results in due course. 

P. K. Karri 

Department of Physics, 

College of Engineering and Technology, 

Haus Khas, New Delhi. 
M. M. CuaupHRI 

Chemistry Department, 

Iowa State University, 

Ames, Iowa. 


The Optical F Absorption Band 


In @ recent communication! a new model for the 
optical F absorption band was proposed for the 
alkali metal azides. From a study of irradiation- 
produced bands in the visible and infra-red region 
of the absorption spectrum of the azides, it was shown 
that the anion (Nx) was intimately related to the F 
absorption band and it was suggested that the F band 
was caused by a ‘charge-transfer’ complex of the type 
discussed extensively in the chemical literature, 
especially by Muiliken*. The ‘charge-transfer’ com- 
plex consists of a dative bond being established 
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Table 1. ENERGY DIFFERENCE BETWEEN First ULTRA-VIOLET Pour 
AND THE F BAaNnD* 


hv, = C hv, —hop = C 

Lik 12-4 -5-0 = 7-4 LiBr 7-2 -27 = 45 
NaF 10-6 -3-6 = 7-0 NaBr 6-78-23 = 448 
KF 9-95-2-7 = 7-25 KBr 6-77-2-0 = 4-77 
Licl 88 = 5-7 RbBr 6-6 = 48 
Nacl 7°95-2-7 = 5°25 KI 58 = 49 
7-76-22 = 5-56 RbI 5-7 -1-6 = #1 
RbCl 7°56 = 5-5 


* Ay, energy of first ultra-violet band from Eby, J. E., Teegarie 
K. J., and Dutton, D. B., Phys. Rev.,116, 1099 (1959); Avp, ener: 
of the F band from Dekker, A. J., Solid State Physics (Prentice 
1959); Av,, for LiF estimated from H.C. Kremers, Indust. and Eu 
Chem., 32, 1478 (1940). . 


between one electron donor and an electron acceptor 
with a concomitant electronic absorption belonging 
to the complex as a whole. 

For the azides, the following mechanism wa 
proposed for the formation of the ‘charge-transfer 
complex and the resulting absorption band. Unde 
ultra-violet irradiation an interstitial metal atom js 
ionized, this metal ion now moves to a position of 
lower potential energy, that is, to a cation vacaney 
and as a consequence the equilibrium crystal field js 
so perturbed (in an unspecified manner) as to set upa 
‘charge-transfer’ complex between that cation and 4 
neighbouring anion. Thus in the proposed model the 
F absorption band depends on the existence of cation 
vacancies rather than aiion vacancies. 

I feel that the phenomena in the halides cannot 
be essentially different from those in the azides. If one 
accepts the importance of cation vacancies then 
several phenomena in the halides can be understood in 
a straightforward manner. For example, the follow. 
ing experimental facts strongly suggest the importance 
of the cation vacancy. The electrical conductivity 
of crystals is decreased by darkening*. Plastic strain 
which enhances conductivity enhances darkening by 
.\-ray irradiation®. Divalent cation impurities which 
increase ionic conductivity enhance colorability by 
irradiation’. 

The role of the anion in the F band in the halides is 
not easily demonstrated as in the azides, since there is 
no infra-red vibration associated with it except for the 
lattice vibration. However, I suggest that the corre. 
lation between the F band and the first ultra-violet 
absorption band in the halides, first pointed out by 
Glasner and Tompkins‘, be interpreted in a manner 
similar to that in the azides. Table 1 lists the difference 
in energy between the first ultra-violet absorption 
band in uncoloured crystals and the F' band produced 
in the crystals. It can be seen that the energy differ. 
ence is a constant for any particular anion. it is 
generally accepted’ that the first ultra-violet absorp- 
tion peak in the halides is caused by the removal of an 
electron from a halogen ion to a neighbouring metal 
ion. Our suggested model for the F band is the partial 
removal of an electron to a neighbouring metal ion s0 
that it is not surprising that there exists a relationship 
between the ultra-violet band and the F band. 
Further, a colourless electronegative ion with a 
absorption band in the ultra-violet, under a perturbing 
influence (the formation of a bond with increasingly 
greater covalent character), would expect to have an 
absorption band increase in wave-length proportional 
to the degree of perturbation®. One might expect 
that any such perturbation would have the greatest 
effect on the most ionic system. If we use Pauling’ 
function’, 1 —exp(—}(Xa—X»)*) (where Xq and 
are the electro-nezativities of the atoms in the bond), 
as @ measure of the ionic character for the halides 
then the fluorides appear to be most ionic and ti 
iodides least so and the difference in energy betwee! 
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the ultra-violet band and the F band varies in the 

expected manner. My proposed model for the F 

absorption band is a point defect where just such a 
omenon is occurring. 

I cannot justify the imposition of a special site 
for a cation vacancy which afterwards captures a 
metal ion except to say that perhaps the ion does not 
completely enter the vacancy or that there is incom- 

Jete relaxation about the vacancy caused by other 
defects in the neighbourhood. 

It has been shown’ that normal sodium chloride 
contains about 10!’ inters‘'tial sodium atoms/c.c. 
and thus the model yields a jiausible mechanism for 
the formation of F' centres by low-energy irradiation. 
The ‘charge-transfer’ complex also allows one to 
understand more easily the dichroism observed ir. 
F centres*. 

Perhaps the most serious drawback to the model is 
that no explanation is given for the observed electron 
spin resonance in coloured crystals. I suggest that 
the electron which is removed from the interstitial 
metal atom is trapped at another centre giving rise to 
the electron spin resonance. The optical / absorption 
band and electron spin resonance appear simul- 
taneously but come from two different points in the 
crystal. 4 

This work was initiated at the Convair Scientific 
Research Laboratory, San Diego, California. 

Harotp A. Papazian* 


Department of Chemistry, 
Imperial College of Science and Technology, 
London, 8.W.7. 

*U.8. National Academy of Sciences—National Research Council 
Postdoctoral Fellow, on leave from the Convair Scientific Research 
Laboratory, San Diego, California. 
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‘ Glasner, A., and Tompkins, F. C., J. Chem. Phys., 21, 1817 (1953). 
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BIOCHEMISTRY 


Particle Involvement in Fatty Acid 
Synthesis in Liver and Yeast Systems 


Tue synthesis of fatty acids from acetate has been 
shown to occur in particle-free supernatant fractions 
obtained from a variety of mammalian tissues!-*. An 
examination of the literature‘-? reveals that such 
synthesis is significantly increased in the presence of a 
microsomal fraction. (While the term microsome 
may be used to describe the particle fraction prepared 
from liver, it is premature to refer to yeast particles 
by this name since the cytological fractionation of the 
yeast cell is less well established. As used here, the 
term particles refers to the fraction sedimented, after 
prior removal of the mitochondrial fraction, at 100,000g 
for 45 min. ‘Supernatant’ refers to the solution 
obtained after removal of the 100,000g pellet.) We 


have shown, for example, that the addition of rat 
liver microsomes, in appropriate amounts, results in an 
merease in the incorporation of acetate carbon into 
fatty acids many times greater than that observed 
with the rat liver supernatant fraction alone’. 
Sinilor observations have been made with a yeast 
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Table 1. EFFECTS OF ADDITION OF PARTICLES ON Fatty ACID 
SYNTHESIS FROM ACETATE IN LIVER AND YEAST SYSTEMS 


After addition of liver After addition of yeast 


Supernatant microsomes (ml.) particles (ml.) 

alone 0-025 0-05 0-10 O30 0-025 0-05 010 0-30 
Liver, 13-6 25:1 462 38326 76 41:1 33-4 23:0 14-2 
Yeast, 10-3 135 13-2 73 38 273) 348 «29-4 24-9 


40 wmoles of potassium phosphate buffer (pH 7-5), 15 «moles of 
reduced glutathione (K* salt). 18 wmoles of MgCl,, 0-25 umole of MnCl,, 
2-5 wmoles of KHCO,, 1:25 nmoles of potassium acetate-1-"C (3 
10° c.p.m.), 12 wmoles of ATP (K* salt), 0-03 wmole of CoA, 0-125 
umole of TPN, and 18-8 wmoles of potassium citrate, all contained in 

5 ml., were incubated with 0-4 ml. of a particle-free supernatant 
fraction (11-9 mgm. protein for liver, 8-8 mgm. protein for yeast) 
plus the amount of particle suspension (in 0-1 M ney buffer, pH 
7°5) recorded above (55 mgm. per ml. protein for liver, 67 mgm. per ml. 
protein for yeast) for 2 hr. at 37° C. with air as the gas phase. The 
oe of the liver and yeast fractions in 0-1 M phosphate buffer 
(pH 7-5) has been described (refs. 9, 14). The fatty acids were 
isolated and assayed for carbon-14 activity as described in ref. 15. 
All values above represent mymoles of acetate converted to fatty 
acids per mgm. supernatant protein. 


The failure of other workers to observe particle 
stimulation in mammalian preparations':!°—as well 
as the report that removal of these particles actually 
increased synthesis’—may be explained by our 
present findings (Table 1), which show that micro- 
somes increase fatty acid synthesis over only a narrow 
range of concentrations. Indeed, additions of excess 
amounts of particles reduced synthesis below that 
observed with the supernatant fraction alone. Since 
adenosine triphosphate (ATP) is an absolute require- 
ment for fatty acid synthesis from acetate, our 
findings of high ATPase activity in liver microsomes 
offers a reasonable explanation for this inhibitory 
action of the microsomes. The inhibition observed 
with moderately large amounts of microsomes can be 
relieved by increasing the ATP concentration in the 
incubation medium. 

Table 1 also shows that yeast particles can be 
substituted for liver microsomes in the experiments 
with liver supernatant fractions. Here again, fatty 
acid synthesis from acetate reached its optimum in the 
presence of specific amounts of yeast particles, but 
dropped when those amounts were increased. The 
addition of liver microsomes to the yeast supernatant 
fraction failed to augment fatty acid synthesis, but 
their inhibitory property at high levels was retained. 
Faity acid synthesis in the yeast system was less 
sensitive to large amounts of yeast particles. 

The addition of particles also increased the incor- 
poration of the carbon-14 of acetyl-1-1*C-coenzyme A 
(CoA) into fatty acids, but did not affect fatty acid 
synthesis from malonyl-CoA (Table 2). These findings 
suggest that particles exerted their effect before the 
formation of malonyl-CoA in both systems. Evidence 
that this may be the case in the yeast system comes 
from the observation that yeast particles are rela- 


Table 2. EFFECT OF PARTICLES ON INCORPORATION OF THE CARBON-14 
OF ACETATE-1-"C, AORTYL-1-"*C-CoA AND MALONYL-2-"C-CoA INTO 
Fatty Acros BY RaT LIVER AND YEAST PREPARATIONS 


Percentage of into fatty 
acids 


Rat liver Yeast 
Labelled substrate Super- Super- Super- Super- 
navant natant - natant natant + 
alone microsomes alone particles 
Acetate-1-"*C 5-9 3-7 23-2 
Acetyl-1-"C-CoA 6-1 24-6 41 17-1 
Malonyl-2-"*C-CoA 44-0 51-6 38-5 46-2 


60 wmoles of glycylglycine-KOH buffer (pH 7-5), 15 wmoles reduced 
glutathione (K* salt), 18 wmoles of MgCl, 0-25 umole of MnCl,, 
2-5 pgmoles of KHCO,, 12 umoles ATP (K* salt), 0-125 umole of TPN, 
18°8 zmoles of potassium citrate and either (a) 0-12 wmole of potassium 
acetate-1-"*C (4-5 x 10° c.p.m.) plus 0-12 wmole of CoA or (6) 0-12 
umole of acetyl-1-"C-CoA (9-4 x 10* ¢.p.m.) or (c) 0-12 wmole of 
malonyl-2-"*C-CoA (2-3 x 10° c.p.m.) plus 0-02 umole of acetyl-CoA, 
all contained in 0-5 ml., were incubated with 0-4 ml. of particle-free 
supernatant fraction (7-8 mgm. protein for liver and yeast) and 0-1 ml- 
of particle suspension (2-1 mgm. — for liver and 5-4 mgm. pro. 
tein for yeast), as described in Table 1. 
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Table 3. INCORPORATION OF THE CARBON-14 OF ACETATE-1-"*C, ACETYL- 
1-"C-CoA AND MALONYL-2-"C-CoA INTO FATTY ACIDS BY RAT LIVER 
AND YEAST PARTICLES INCUBATED ALONE 


Percentage of carbon-14 incorporated 


Labelled substrate into fatty acids 
Liver microsomes Yeast particles 
Acetate-1-"C 0-2 20-3 
Acetyl-1-"C-CoA 0-3 14:7 
Malonyl-2-"*C-CoA 29-0 15-8 


60 umoles of glycylglycine-KOH buffer (pH 7-5), 15 mwmoles of 
reduced glutathione (K* salt), 18 amoles o MgCl,, 0-25 umole of 
MnCl,, 2-5 «moles of KHCO,, 12 wmoles of ATP (K* salt), 1 
of TPNH, and either (a) 0-12 wmole of potassium acetate-1-“C 
(4-5 x 10* ¢.p.m.) plus 0-12 ~mole of CoA or (b) 0-12 umole of acetyl- 
1-"C-CoA (9-4 x 10* ¢.p.m.) or (c) 0-12 umole of malonyl-2-"C-CoA 
(2:3 x 10° ¢.p.m.) plus 0-02 amole of acetyl-CoA, all contained in 
0-5 ml., were incubated with 0-1 ml. of particle suspension (2-1 mgm. 
— for liver and 5-4 mgm. protein for yeast), as described in 

able 1. 


tively rich in acetyl-CoA carboxylase activity". 
However, the results reported here indicate that this 
explanation is not tenable for the liver system. 
Particles from liver and yeast were incubated with 
acetate, acetyl-CoA, or malonyl-CoA, under the con- 
ditions shown in Table 3. Liver particles, by them- 
selves, incorporated into fatty acids appreciable 
amounts of the carbon-14 of malonyl-2-C-CoA, but 
not of acetate-1-“C or acetyl-1-“C-CoA. Under 
identical conditions, yeast particles converted signi- 
ficant amounts of all three substrates to fatty acids. 
That yeast particles have an enzyme system capable 
of the complete conversion of acetate to fatty acids 
receives support from our observation that they 
contain acetokinase activity equivalent, on a protein 
basis, to that found in the supernatant fraction 
(Klein, H. P., and Den, H., unpublished observa- 
tions). Liver particles, on the other hand, presumably 
lack acetyl-CoA carboxylase activity, and may be 
devoid of acetokinase activity. With malonyl-CoA 
as substrate, if no added co-factor is rate limiting, an 
additive effect would be expected when the two 
fractions of each system are combined. But this was 
not observed (Table 2). The relation of this fatty acid- 
synthesizing system in the particles to fatty acid 
synthesis in the system composed of the supernatant 
fraction plus particles remains to be elucidated. 
Although the increase in fatty acid synthesis from 
acetate and from acetyl-CoA induced by liver micro- 
somes is not due to their ability to convert acetyl- 
CoA and bicarbonate to malonyl-CoA, the possibility 
exists that malonyl-CoA is supplied through an inter- 
action between the particles and the supernatant 
fraction. It is conceivable that some compound in the 
system may donate a carboxyl group to acetyl-CoA 
without passing through a bicarbonate pool (cf. 
Swick and Wood"). We have reported® that, while 
glucose-6-phosphate or malate will produce adequate 
amounts of reduced triphosphopyridine nucleotide 
(TPNH) for fatty acid synthesis from acetate in 
mammalian systems, these compounds do not stimu- 
late fatty acid synthesis as effectively as do citrate, 
isocitrate, and aconitate. These tricarboxylic acids, 
which yield amounts of TPNH comparable with those 
formed from malate or glucose-6-phosphate, are 
distinctly superior in their capacity to augment fatty 
acid synthesis from acetate or acetyl-CoA. (The 
addition of liver microsomes to the supernetant 
fraction oxidizing citrate-6-"C will increase the rate 
and level of “CO, production.) It is therefore reason- 
able to infer that the tertiary carboxyl group of 
citrate may be involved in a transcarboxylation 
reaction with acetyl-CoA leading to the formation of 
malonyl-CoA. The supernatant fraction, containing 
isocitric dehydrogenase and aconitase, would initiate 
this reaction, which would then be completed by 
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particles through a transcarboxylase reaction. Num 
et al.\* were unable to demonstrate transcarboxylag 
activity in rat liver preparations, but their examing. 
tion of transcarboxylase activity was confined to the 
particle-free supernatant fraction only. 

This work was aided by a grant to one of us (I. L.¢) 
from the United States Pubtic Health Service and the 
Life Insurance Medical Research Fund, and to another 
(H. P. K.) from the National Science Foundation. 
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Comparative Effects of 2,4-Dinitrophenol 

on the Actomyosin Adenosine Triphos- 

phatase from Fresh, Frozen and Freeze- 
dried Beef 


In our work on biochemical alterations in beef 
consequent upon freeze-drying the evidence obtained 
so far indicates that the changes are probably subtle. 
Previously' we reported that there is little change 
betweon the salt solubility of frozen and freeze-dried 
beef and that only small differences occurred in the 
amount of sedimentable actomyosin. No consistent 
difference appeared in the adenosine triphosphatase 
(ATPase) activity of actomyosin extracts from these 
materials, and the electrophoretic patterns shown by 
sarcoplasmic protein extracts were almost identical 
for frozen and freeze-dried beef, under the conditions 
used. With contractile protein extracts there was 
noticeable alteration in the freeze-dried pattern 
indicating denaturation. 

In present work reported here, designed to detect 
ageing changes in beef, I have compared the stimu- 
latory effects of 2,4-dinitrophenol (DNP) on acto- 
myosin ATPase preparations from fresh, frozen and 
freeze-dried beef. While there were no demonstrable 
changes ascribable to ageing, I observed a@ con- 
sistently greater stimulation by DNP of the acto- 
myosin ATPase from fresh beef than from frozen and 
freeze-dried beef. 
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Actomyosin extracts were prepared in two ways 
from semitendinosus and longissimus dorsi muscles. 
Precipitated actomyosin was prepared by the con- 
ventional technique of extraction with 0-53 ionic 
strength buffer pH 8-2 and dilution to ionic strength 
0-08. Actomyosin obtained indirectly was prepared 
as previously described’. The only procedural change 
was the substitution of a Virtis blender (14 min.) 
for the Waring blender. 

Beef carcasses (hindquarters or short hips right and 
left sides) were received on the dates shown in Table 1. 
Muscle designated as ‘pot aged’ was excised within 
18 hr. of receipt. From this, samples labelled ‘fresh’ 
were taken for immediate analysis. The remainder 
was frozen in air at — 29°C. for periods of 2448 hr. 
The frozen muscle was cut into slices 3/4 in. thick. 
One portion was kept frozen and the other freeze- 
dried by radiant heating at a chamber pressure 
between 0-4 and 0-5 mm. mercury*. Analyses of the 
frozen samples were begun during this 48-hr. period. 
Freeze-dried samples were vacuum-packed imme- 
diately on removal from the drying chamber, and 
stored at — 29°C. Analyses of the latter were always 
made within 2 weeks of freeze-drying. 

Samples designated as ‘aged’ were taken from the 
opposite hind limb, which was hung (aged) for 3 weeks 
at + 4°C. At the end of the ageing period the muscles 
were excised and treated in the same manner as the 

samples. 

The ATPase activities of the extracts were determ- 
ined at 30° C. in a manner similar to that described 
previously’, the final concentration of reactants 
being: calcium chloride 0-005 M, DNP 0-004 M, 
ATP 0-0025 M, potassium chloride 0-10 M, tris- 
(hydroxymethylaminomethane) 0-05 M, pH 8-1. The 
concentration of enzyme giving a linear reaction-rate 
for the 10-min. period was found to be between 
0-200 and 0-300 mgm. nitrogen. 

The results are shown in Table 1. 


Table 1. COMPARISON OF DNP STIMULATION OF ACTOMYOSIN ATPASE 
FROM FRESH, FROZEN, FREEZE-DRIED BREF 
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| Precipitated 
} actomyosin Indirect 
Per- Per- 
centage centage 
With- | stimu- With- | stimu- 
out lation out lation 
DNP with DNP with 
} DNP DNP 
| §.T. aged ’ 
| 29/3/60 7/1/60 
Fresh 35-5 104-2 resh 60-2 
Frozen 57-2 37-2 Frozen 68-2 45°7 
not ag .T. no’ 
29/3/60 7/1/60 
Tesh 39-9 71-0 Fresh “0 53-2 j 
Frozen 58-4 7-0 Frozen 47°6 25-6 | 
-D 43-1 55-0 F.D. 3-1 35°0 | 
.T. aged .T. aged 
7/1/60 29/3/60 
48°7 53-6 Fresh 61-2 
Frozen 64-1 14-2 Frozen 45-1 75 
F.D. 61-9 3-3 F.D. 1-6 
8.T. age S.T. not aged 
16/11/59 29/3/60 
h 36-5 Fresh 54-0 53-2 
Frozen 32-0 82-2 Frozen 47-7 30-2 
F.D. 62-1 F.D 43-1 35-0 
L/D aged L/D aged 
29/3/60 29/3/ 
44-2 57-5 Fresh 46-1 74-0 
Frozen 53-1 5-8 Frozen 62-3 
L/D not aged 
29/3/60 
Fresh 41-2 126-5 
Frozen 55:5 115 


Activities expressed in xzgm. P/min./mgm. N. 
8.T., Semitendinosus muscle ; L/D, longissimus dorsi muscle; 
P.D., freeze-dried. 
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It is well known that DNP stimulates the calcium- 
activated ATPase of myosin and actomyosin*~°. 
However, no previous report appears to be available 
concerning the effect of DNP on actomyosin from 
post-rigor muscle. The mechanism by which stimula- 
tion is achieved is not agreed upon. At temperatures 
above 16° C., DNP also stimulates the cytidine 
triphosphatase (CTPase) activity of myosin but 
inhibits the inosine and guanosine triphosphstase 
(ITPase, GTPase) activity’. It has been postu- 
lated that retardation of hydrolysis of the former two 
enzymes results from the interaction of —SH or 
other groups in the enzyme and the 6-NH, group 
common to both adenine and cytosine. This retarda- 
tion is relieved or removed by the action of DNP 
on the rate-retarding group of the protein*-*. 
There is no such retardation with the 6-OH base 
present, for example inosine, and DNP does not 
stimulate hydrolysis. 

Gilmour and Griffiths’ have suggested that since 
myosin aggregates at 25° C., thera is consequent 
masking of the active centres. At 0° C. there is no 
masking and no stimulation by DNP. At the higher 
temperature, DNP is thought to achieve its effect 
by eplitting the polymer and restoring the enzyme to 
the state in which it exists at 0° C. 

The finding of Perry and Chappell‘ that stimulation 
of myosin ATPase is depressed by an increasing 
actin/myosin ratio in synthetically prepared acto- 
myosins slso bears on the interpretation of these 
results. The mechanism by which actin can reverse 
the DNP effect is not understood, but it is presumed 
that actin can alter the nature or sequence of events 
at the active centres of myosin. 

In the light of the foregoing, the results presented 
in Table 1 may be interpreted in either of two ways. 
The depressed stimulation shown by the frozen and 
freeze-dried samples could be due to unmasking of the 
active centres during freezing and drying. This would 
imply the existence of some depolymerizing process 
as a result of freezing or drying. It is highly unlikely 
that depolymerization occurs'. Moreover, the DNP- 
ATPase activities of the pellet from actomyosin 
fractionated at high speed (Cole, unpublished results) 
show no consistent differences from those of the super- 
natant liquid. If particle-size affected the DNP- 
ATPase this would be reflected in greater stimulation 
of pellet enzyme material. 

A second and more logical interpretation of the 
results reported above can be based on a changed 
or changing active myosin/actin ratio. A preferential 
denaturation of myosin in the actomyosin complex 
would decrease this ratio and thus decrease the 
stimulatory effect of DNP. 

I wish to thank Dr. W. R. Smithies for having 
the samples of freeze-dried meat prepared and to 
acknowledge the technical assistance of Mrs. Helen 
Kent. 

L. J. N. Cote 
Defence Research Medical Laboratories, 
Post Office Box 62, Postal Station ‘K’, 
Toronto 12, Ontario. 
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* Webster, H. L., cited by Greville and Needham, Biochim. Biophy 
Acta, 16, 284 (1955). 
‘Perry, 8S. V., and Chappell, T. B., Biochem. J., 65, 469 (1957). 
* CaneeT) D., and Griffiths, M., Arch. Biochem. Biophys., 72, 302 
* Greville, G. D., and Reich, E., Biochim. Biophys. Acta, 33, 288 (1959). 
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* Levy, H. M., Sharon, N., and Koshland, D. E., Biochim. Biophys. 
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Formation of Auxin-bound Proteins 


THE occurrence of auxin—protein complexes has 
been recognized for a long time, but very little is 
known about the mechanism of the binding process. 
According to Siegel and Galston' energy for the 
coupling of auxin to protein is supplied by adenosine 
triphosphate, and the process can be inhibited by 
several metabolic inhibitors. Galston et al.** have 
observed, using indole-3-acetic acid (IAA) labelled 
with carbon-14, that auxin is not bound appreciably 
to any of the cell organelles but that the particle-free 
supernatant contains macro-molecules to which auxin 
is bound. Masuda‘ has recentiy put forward the 
suggestion that IAA may render ribonucleic acid 
(RNA) separate from ribonucleoprotein by becoming 
complexed with the protein moiety. During the 
course of an investigation on the binding of auxin 
to protein in growing tissues it was observed that 
several amino-acids stimulated the binding process. 
This communication summarizes some of the 
observations made concerning the inter-relationship 
between the binding process and protein synthesis. 

The auxin used was naphthalene acetic acid-1-C 
(NAA-™C) obtained from Tracerlab Inc., Waltham, 
Mass., United States. The specific activity of this 
preparation was rather low (6-7 uec./mgm.); in the 
experiments described here, concentrations lower than 
5 x 10-* M could not be used. To study the effect 
of amino-acids on the binding of NAA-"C to protein, 
pea-internode sections (var. Duke of Albany) were 
allowed to metabolize different amino-acids in phos- 
phate buffer of pH 6-0 in the presence of NAA-C, 
and the proteins precipitated by trichloracetic acid 
(TCA). It can be seen from Table 1 that all the 
amino-acids used promoted the binding of NAA-“C 
to protein, and the stimule.ion was particularly 
noteworthy in the case of aspartic acid. With aspartic 
acid, glutamic acid and leucine, incorporation of 
carbon-14 into the TCA-precipitable proteins was 
higher at 10-* M than at 10-* M. It is not known, 
however, whether these amino-acids or the auxin- 
amino-acid conjugates—if such conjugates were 
formed in the present case—participated in the 
formation of the auxin-bound protein. 


Table 1. EFrrcT OF AMINO-ACIDS ON THE BINDING OF NAA-“C TO 
THE ‘PROTEIN’ of PEA (VAR. DUKE OF ALBANY) INTERNODES 


Per cent 


Treatment incorporation of 
earbon-14 after 3 hr. 
Control 100 
Aspartic acid 10-* M 215 
Aspartic acid 10-* M 333 
Glutamic acid 10-* M 105 
Glutamic acid M 243 
Serine 10-* M 115 
Serine 10°* M 129 
Leucine 10-* M 180 
Leucine 10°* M 214 
Alanine M .158 
Alanine 10°* M 158 
Glycine 10-* M 158 
Glycine 10-* M 154 


If new protein is formed, it may be expected that 
chloramphenicol—which has been reported to be an 
inhibitor of protein synthesis—would inhibit the 
process of formation of the auxin-bound protein. 
Accordingly, internode sections were incubated with 
three different concentrations of chloramphenicol. 
The results are shown in Fig. 1. It is surprising to 


note that even at 10-* M no inhibition was observed ; 
10-° M chloramphenicol brought about a stimulation. 
Some inhibition was observed if the NAA-“C was 
added 1 hr. after pre-incubation with chloramphenicol. 
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Effect of chloramphenicol on the binding of NAA 
to protein of internodes of peas 


10°¥ 


Fig. 1. 


Increase in growth as percentage of control 


L l 
10-7" M 10° M 10° M 
Concentration of chloramphenicol 


Fig. 2. The effect of different concentrations of chloramphenicol 
on the growth of Avena (A) or absence (0) 
of 1 A! 


Since the binding of auxin to protein is usually 
supposed to be related to the growth process, it was 
necessary to see whether chloramphenicol inhibited 
auxin-induced growth. The results are shown in 
Fig. 2. Chloramphenicol not only fails to inhibit 
growth, but also has no marked effect on the incor- 
poration of !*C-labelled amino-acids into the proteins. 
At 10-* M some inhibition was observed in the case 
of glycine-2-"C (Table 2). 

In subsequent experiments the effect of ribo- 
nuclease (bovine pancreas RNase, Sigma Chemical 
Co., St. Louis, Mo., U.S.A.) on the binding process 
was investigated. Avena coleoptiles were used, since 
from the work of Masuda‘ it appears that RNase 
penetrates coleoptile sections. The coleoptiles were 
treated with RNase (100 ugm./ml.) for 2-5 hr, 
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{able 2. EFFECT OF CONCENTRATIONS OF CHLORAMPHENICOL ON THE 
INCORPORATION OF GLYCINE-2-“C AND LEUCINE-1-“C INTO THE 
PROTEIN’ OF PEA (VAR. DUKE OF ALBANY) INTERNODES 
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Amino-acid Concentration of Per cent incor- 

chloramphenicol poration of car- 

bon-14 after 3 hr. 
Glycine-2-“C 0 100 
(5 x 10-*M) 10-°* M 139 
10° M 84 
Leucine-1-“C 0 100 
(5 x 10-*M) 10-* M 133 
107° M 98 


Table 8. EFFECT OF RNASE ON THE BINDING OF NAA-“C TO THE 
‘PROTEIN’ OF PEA (VAR. DUKE OF ALBANY) INTERNODES 


Treatment ¢.p.m./mgm. of 
‘protein’ after 3 hr. 
Control 600 
h Nase (100 809 


washed and incubated again for 3 hr. in darkness at 
98° C. in the presence of NAA-“C. From Table 3 
it is apparent that treatment with RNase has no 
inhibitory effect. On the other hand, some stimula- 
tion was observed. No inhibition was found even 
when the period of incubation with NAA-™C was 
reduced to 1 hr.—a period much shorter than that 
required by the coleoptiles to overcome the inhibitory 
effect of RNase*. The process of binding of auxin 
to protein, thus, does not appear to be an RNA- 
controlled process. Whether the stimulation in bind- 
ing due to RNase treatment is caused by the libera- 
tion of nucleotides’ which help in the binding of 
auxin to protein, or due to an increased availability 
of sites for the binding of auxin owing to the separa- 
tion of RNA from ribonucleoprotein, is not known 
at present. 
ARCHANA SEN GUPTA 
8S. P. Sen 

Radiochemical Laboratory, 
Bose Institute, Calcutta-9. 
‘Siegel, S. M., and Galston, A. W., Proc. U.S. Nat. Acad. Sci., 39, 

1111 (1958). 
a W., and Kaur, R., Proc. U.S. Nat, Acad, Sci., 45, 1587 
ccuiten, A. W., and Purves, W. K., Ann. Rev. Plant Physiol., 11+ 

239 (1960). 
* Masuda, Y., Physiol. Plantarum, 12, 324 (1959). 
‘Masuda, Y., J. Inst. Polytech. Osaka City University D, 10, 1. 


Effect of Indole-3-Acetic Acid (IAA) on Phos- 
phorus Metabolism in the Avena Coleoptile 


Ir is generally believed that energy-rich phosphate 
compounds act as a store-house of energy for different 
reactions during growth. The auxin-induced stimu- 
lation of respiration is presumed to be due to an 
increased availability of phosphate acceptors due to 
the rapid utilization of nucleotides during the growth 
process'“*". Rhodes and As’:worth* have speculated 
on the mechanism by which growth substances may 
be metabolized for the generation of energy-rich 
phosphate bonds, but an unequivocal demonstration 
of the stimulation of nucleotide synthesis is not 
available. Ormrod and Williams® and Key e¢ al.* 
have recently observed increased phosphorylating 
activities in plants sprayed with 2,4-dichlorophenoxy- 
acetic acid. Marre and Forti? had noted a rapid 
increase in high-energy phosphate level in auxin- 
treated pea internode segments during the first 30 
min., followed by a decline. The method of estima- 
tion of adenosine triphosphate (ATP) adopted by 
them, which involves the adsorption of adenine 
nucleotides on charcoal followed by elution with 
hydrochloric acid, has several limitations when applied 
to tissue sections. Since numerous metabolic reac- 
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tions go on in the cell at the same time, and a large 
number of them concern the participation of nucle- 
otides, particularly reactions mediated by the kinase 
type of enzyme, and the phosphaie residues are 
transferred to a variety of substrates, estimation of 
the level of adenine nucleotides at any given time is 
not the true measure of the total ATP formed during 
the experimental period. A more correct approach 
is to estimate the phosphate esterified to orgaric 
compounds including the nucleotides. Phosphate 
labelled with phosphorus-32 may be conveniently 
used for this purpose and the present communication 
summarizes the findings of an investigation directed 
towards this objective. 

Five-mm. sections of 4-days old Avena coleoptiles 
(var. N.P.1) were incubated with radioactive di- 
sodium hydrogen phosphate (Na,H®*PO,) and dif- 
ferent concentrations of IAA in M/150 phosphate 
buffer of pH 6-0 for 1 and 2 hr. The tissues were 
extracted with 80 per cent ethanol and the concen- 
trated oxtract chromatographed two-dimensionally 
with phenol/water as the first, and butanol/acetic 
acid/water (4: 1: 1) as the second, solvent for 48 hr., 
or unidimensionally in 69 per cent butyric acid in 
0-85 per cent sodium hydroxide, followed by auto- 
radiography with Ilford X-ray films. The sum of 
the *P-activities in the radiation spots other than 
inorganic phosphate was taken as a measure of 
phosphate-“P esterified. It may be observed from 
Fig. 1 that with low concentrations of IAA in the 
experimental solution, esterification of *P was in- 
creased considerably ; at 10-* M, a concentration 
which was inhibitory to growth, esterification was 
also inhibited. The stimulation in esterification 
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4 


Esterified phosphate-**P 
c.p.m./mgm, dry weight (x 10-*) 


20 


0 
0 10-7 M 10° M 10° M 
Concentration of [AA 
Fig. 1. Effect of different concentrations of LAA, in presence (A) 
or absence ( ®@) of DNP (10-° M) on esterification of phosphorus-32 
(from Na,gH**PO,) in the 80 per cent ethanol-soluble fraction of 
Avena coleoptile sections; experimental period 2 hr. 
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observed at the end of 1 hr. was greater than that 
after 2 hr. Similar results were obtained with rice 
coleoptiles. 

When 10-° M 2,4-dinitrophenol (DNP), the un- 
coupling agent of phosphorylation, was included in 
the experimental solution it was found that DNP 
itself inhibited the esterification of phosphate-“P 
by more than 50 per cent. The inhibitory effect was 
countered by low concentrations of IAA. IAA at 
10-7 M had very little effect, but the higher con- 
centration of 10-5 M considerably diminished the 
inhibitory effect due to DNP. LAA at 10° M, which 
inhibited esterification, failed to oppose the effect of 
DNP to any great extent. 

The effect of IAA and DNP on individual com- 
pounds is shown in Table 1. Phosphate-*P was 
metabolized mainly to hexose phosphates, ATP and 
ADP, and an unidentified compound designated 
‘compound X’ in Table 1. While changes in activity 
in the sugar phosphates and adenine nucleotides 
reflected the pattern observed in investigation of 
phosphate esterification, incorporation of phosphorus- 
32 into compound X increased with increasing con- 
centrations of LAA. DNP completely inhibited its 
formation; it reappeared only when DNP was 
combined with 10-* MW IAA. 


Table 1. Errect oF IAA AND DNP ON THE INCORPORATION OF 


PHOSPHORUS-32 FROM NagH**PO, INTO THE 80 PER CENT ETHANOL- 
SOLUBLE PHOSPHORYLATED COMPOUNDS OF Avena COLEOPTILES. 
SPECIFIC ACTIVITY (c.p.m./mgm. x 10-*) AFTER INHALATION FOR 2 HR. 


Hexose 
phosphate 


Treatment ADP + ATP ‘Compound X’ 
Control 154-6 545° 75-1 
IAA 10°° M 269-6 721°8 162-7 
IAA 10° M 203-9 365-5 164-7 
DNP 10°* M 97-1 235-0 0 
DNP M 89-2 185-0 0 
+ IAA 10°M 

DNP 10°* M 152-7 322-2 0 
+ IAA 10°°M 

DNP 10°* M 120-8 316-4 26-8 
+ IAA10°M 


Results obtained in this work reveal an increased 
incorporation of phosphorus-32 in both the alcohol- 
insoluble fraction, and in the esterified organic com- 
pounds in the alcohol-soluble fraction in the presence 
of low concentrations of IAA which promote the 
growth of coleoptiles. If the phosphorylase and phos- 
phatase activities of these tissues are not very high, 
this may be taken to reflect largely, if not entirely, the 
formation of energy-rich nucleotides as affected by 
auxins. The inhibition by DNP and its counter-action 
by LAA provide further evidence in support of the 
contention that application of auxins leads to meta- 
bolic changes resulting in an increased synthesis of 
energy-rich nucleotides utilized in various reactions 
involved in the growth process. 

Our thanks are due to Dr. D. M. Bose, director, 
and Dr. P. K. Bose, head of the Depsrtment of 
Cheraistry, Bose Institute, for their interest and 
encouragement. 

A. SEN GUPTA 
S. P. SEN 


Radiochemical Laboratory, 
Bose Institute, Calcutta-9. 
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Quantitative Aspects of the Re-utilization 
of Protein-bound Amino-acids in vivo 


Tue extent of the re-utilization of protein-boung 
amino-acids in the formation of new protein has been 
a subject of interest for many years'-*. The main 
difficulty with some of the work reported in the 
literature has been that the half-life of the protein 
into which the re-utilized amino-acid residue was 
traced was short. Thus, when one injects a labelled 
soluble protein and determines the uptake of the 
label into liver or serum proteins (the half-lives of 
which are a few days in extent) one deals with 
situation in which the uptake, transfer and loss of 
label is rapid and, furthermore, where the ‘recipient’ 
protein continually recirculates some of the amino. 
acid to itself. In these circumstances one is unable 
to assess reliably the significance or extent of the 
re-utilization. 

In this communication we describe the quantitative 
re-utilization of amino-acids from serum protein to 
globin. Globin is a protein which, contained in the 
red cell, enjoys a life-span of about 55 days in the rat. 
Thus, over a reasonably short period no globin formed 
during that interval of time is broken down. 

22 hr. after injecting a rat with 1 me. (about 20 
mgm.) of glycine-2-**C, the animal was bled and serum 
albumin and serum globulin were prepared by 
methods described in ref. 3. 20 mgm. of either labelled 
serum albumin or serum globulin containing 65 muc./ 
mgm. were injected intravenously into recipient rats. 
Animals were killed 1, 3, 6, 9, 12 or 15 days after the 
injection and globin was prepared from washed 
erythrocytes by the method in ref. 4. Dry protein 
powders’ of the globin and also of aliquots of the 
injected serum protein were hydrolysed in 6 N 
hydrochloric acid for 24 hr. and the hydrolysate was 
then treated with 2,4-dinitrofluorobenzene according 
to Levy®. The dinitrophenyl glycine was separated 
from the other dinitrophenyl-amino-acids on a ‘Celite’ 
column and purified as described in ref. 6. Samples of 
the injected protein and of the dinitrophenyl glycine 
from injected protein and from globin were counted 
using a D-47 Nuclear-Chicago flow-gas counter with 
‘Mylar’ window. When sample weights differed from 
30 mgm. a self-absorption correction was applied. 
In addition, the counts obtained for dinitropheny! 
glycine samples were recalculated for free glycine. 

In preliminary experiments we found that the half. 
life of serum albumin is 3 days and of serum globulin 
is 4 days in the Sherman strain rats used in these 
experiments. Furthermore, it was established that 
about 31 per cent of the radioactivity of serum 
albumin or serum globulin is due to glycine when 
these proteins are prepared as described here and the 
remainder of the activity is in serine. In experiments 
to be reported in full elsewhere it was also found that 
the conversion of labelled serine to labelled glycine, in 
recipient animals injected with glycine-serine labelled 
serum proteins, does not materially affect the results 
of the calculation presented here. 

Using the data obtained in the above experiments 
it is possible to calculate the percentage serum albumin 
and serum globulin glycine re-utilized in globin 
synthesis. The percentage of the total glycine 
required for globin synthesis which has its origin in 
serum protein glycine can also be determined. 

The calculation is based on the counts/min./mgm. 
of globin glycine found at time ¢ after injection; the 
total serum protein-bound glycine activity inj 
into the rat; the assumption that 3-4 per cent of the 
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body-weight corresponds to the total packed red cell 
volume, that there are 314 mgm. of hemoglobin/ml. 

ked cells? and that the life-span of red cells is 
55 days in the rat®. Furthermore, the glycine content 
of globin is assumed to be 4-8 per cent®, that of serum 
globulin 4-3 per cent and that of serum albumin 
1-6 per cent®"®; the molecular weight of hemoglobin 
is taken at 68,000 and that of globin at 65,400 (ref. 11). 
The sample ca!2ulation presented here is one which is 
based on a rat injected with labelled rat serum globu- 
lin and killed 12 days later. 

The final calculated results are typical of those 
obtained in rats injected with serum globulin and killed 
at any of the times after injection mentioned here. 

A sample calculation of the re-utilization of serum 

obulin glycine in globin biosynthesis is as follows: 

(1) Total glycine radioactivity released on break- 
down of injected labelled serum globulin from time 
0 to time t (¢ = 12 days): Counts/min. injected x 
percentage activity in glycine x fraction degraded at 
time t = 196,500 x 31 per cent x 87-5 per cent = 
53,300. 

(2) Total mgm. glycine released a day on break- 
down of serum globulins: Rat weight (gm.) x ml. 
serum/gm. body-weight x mgm. serum globulin/ml. 
x percentage glycine in serum globulin x fraction of 
serum globulin degraded a day = 283 x 0-034 x 
32-2 x 4-3 per cent x 16 per cent = 2-13. 

(3) Total mgm. glycine required in globin synthesis 
a day in this rat: Weight of rat (gm.) x mJ. packed 
red cell volume per gm. body-weight x mgm. hemo- 
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M.W. globin 
globin/ml. x 5fW- hemoglobin x per cent glycine in 
: 1 
globin x if>span of red colls ~ 283 x 0-034 x 314 
65,400 


1 
x 4-8 per cent = 


$8,000 2-54. 

(4) Total radioactivity incorporated into total 
globin glycine from time 0 to time ¢ (¢ = 12 days): 
Counts/min./mgm. globin glycine x total mgm. 
globin glycine = counts/min./mgm. globin glycine 
x mgm. glycine required in globin synthesis a day 
x life-span of globin = 4-38 x 2-54 x 55 = 612. 

(5) Percentage serum globulin glycine radioactivity 
incorporated into globin glycine: 

total counts/min. in globin glycine 
total glycine counts/min. released from serum globulin 


x 100 = Fe300 * 100 = 1-15. 


(6) Weight of serum globulin glycine incorporated 
into globin glycine over this 12-day time-period: 
mgm. serum globulin glycine released per day x days 
x fraction serum globulin glycine counts/min. incor- 
porated in globin = 2-13 x 12 x 0-0115 = 0-294. 

(7) Percentage of total glycine required in globin 
synthesis which has its origin in serum globulin 
glycine: 

Weight of serum globulin glycine incorporated into 


globin 
Total mgm. glycine incorporated into globin in 12 days 
= x 100 = 0 
at 


Thus about 0-96 per cent of the total glycine 
required in globin synthesis has its origin in serum 
globulin and approximately 1-15 per cent of serum 
globulin glycine is used for globin synthesis. Similar 
experiments with rats injected with labelled serum 
albumin indicate that 0-57 per cent of the total glycine 
required in globin synthesis has its origin in serum 
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albumin and approximately 1 per cent of serum 
albumin glycine is used for globin synthesis. This 
contribution by serum proteins of 1-5 per cent of the 
total glycine required in globin synthesis must be 
deemed significant in view of the fact that serum 
proteins constitute only 2 per cent of the rat’s total 
proteins. H. WALTER 
H. Zrprer 
Radioisotope Service, 
Veterans Administration Hospital, 
Brooklyn, New York. 
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Isolation of Echinochrome A from the 
Spines of the Sea Urchin, Stomopneustes 
variolaris (Lamarck) 


I HAVE reported the presence of echinochrome A 
(7-ethyl-2,3, 5, 6, 8-pentahydroxy-1,4-naphthaquinone) 
in the spines of the sea urchin, Echinarachnius 
(Scaphechinus) mirabilis' and Diadema_ setosum?. 
Recently it was found that the principal naphtha- 
quinone pigment in the almost black spines of the 
sea urchin, Stomopneustes variolaris (Lamarck) (Japa- 
nese name, kuro-uni), which was collected at Shira- 
hama in Wakayama Prefecture, was identical with 
echinochrome A. The isolation and purification of 
the pigment have been carried out by the identical 
method used in the case of Diadema setosum. 

The pure pigment crystallized from dioxane—water 
in dark red-brown needles and melted at 215°. The 
yield of the pure material was about 26 mgm. from 
each 100 gm. of the spines. Absorption maxima were 
at 256, 340, 466, 489, 525 mu in chloroform and the 
percentage of carbon and hydrogen was 53-63 and 3-40 
respectively (calc. for C,,H,,0,: C, 54-14; H, 3-79). 

The trimethyl derivative of the pigmont was 
obtained as long, red needles when it was methylated 
with diazomethane and crystallized from dioxane— 
water. It melted at 130° (sealed tube) and showed 
absorption maxima at 249, 323-5, 478, 503, 538 my in 
chloroform. The percentage of carbon and hydrogen 
was 58-53 and 4-96 respectively (calc. for C,,.H,O,- 
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Fig. 1. Infra-red spectra: a, free pigment of Stomopneustes 
variolaris ; b, A setosum (potassium 
romide 
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Hae 2. Infra-red spectra: a, trimethyl derivative of the pigment 


es variolaris; 6, trimethyl echinochrome A of 
ema setosum (potassium bromide) 


(OCH;),: C, 58:35; H, 5-29). 
aqueous sodium hydroxide giving a blue colour. 


The yellow dehydro-derivative having absorption 
maxima at 257-5, 319, 392 my (in aqueous methanol) 
was obtained when the free pigment was dehydrogen- 
ated with the peroxidase-hydrogen peroxide system. 
The original red pigment was regenerated when the 
dehydro derivative was treated with hydrogen 


sulphide. 


The colour reactions and the ultra-violet, visible 


and infra-red absorption spectra of the free pigment 
and of the trimethyl derivative were in fair agreement 
with those of authentic specimens of echinochrome A 
and trimethyl echinochrome A, respectively. No 
depression of the melting point was observed when 
the mixed melting point examination was carried out 
with authentic specimens of echinochrome A and 
trimethyl echinochrome A, respectively. 

I wish to thank Prof. Y. Nakamura and Prof. 
T. Saito, of Hokkaido University, for their encourage- 
ment and guidance. I am also grateful to Dr. H. 
Utinomi, of Seto Marine Biological Laboratory, Kyoto 
University, for collecting samples, and to Dr. M. 
Fujino, of Takeda Research Laboratory, for the 
elemental and infra-red analysis. 

K. NIsHTBORI 

Notre Dame Seishin University, 

Okayama. 
? Nishibori, K., Bull. Jap. Soc. Fish., 22, 708 (1957). 
* Nishibori, K., Nature, 184, 1234 (1959). 
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inhibitory Phenomena and ‘Habituation’ 
at the Neuronal Level 


In behavioural habituation, according to Thorpe’, 
the animal “learns not to respond to stimuli which 
tend to be without significance in the life of the 
animal’’. It does so by a mechanism which determ- 
ines a “relatively permanent waning of a response 
as a result of repeated stimulation’’. Different authors 
conceive that the phenomenon of habituation may be 
correlated with changes in the central nervous 
system: (a) development of inhibitory connexions, in 
a way analogous to the extinction of a conditioned 
reflex?; (b) development of inhibitory influences 
acting on different synaptic relays of the sensory 
pathways, which, by producing ‘afferent neuronal 
habituation’, would lead to behavioural habituation*. 

We have attempted to analyse the nature of these 
changes in the snail, in which behavioural habituation 
was described long ago (Humphrey, 1933, quoted by 
Thorpe’). In electrophysiological investigations with 


intracellular microelectrodes on the ganglion cells 
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of the snail and other molluses, Tauc*:® has recently 
described postsynaptic inhibitory potentials, ang 
inhibitory effects of long duration. which might be 
relevant in an interpretation of the mechanism of 
habituation. 

Our experiments were performed in an isolated 
nervous system preparation of the land snail (Heliz), 
The whole pericesophageal ring of nervous ganglia ang 
commissures, together with the mantle nerves, wag 
cut loose and partially desheathed. It was mounted 
in a ‘Lucite’ chamber and covered with Cardot’s 
solution. The mantle nerves were threaded through 
small holes into a neighbouring chamber, and moun. 
ted on bipolar platinum-iridium electrodes and 
covered with mineral oil. Intracellular electrica| 
recording was carried out with conventional glag 
micropipettes filled with 2-5-3 M potassium chloride, 

In the course of exploratory recording of the elec. 
trical activity of different cells in the parietal ganglia, 
we concentrated our observations on a group of two 
or three big cells (150—225y in diameter) at the media] 
side of the right parietal ganglion, just left of the root 
of the internal right mantle nerve. We selected these 
cells because of their size, easy recognition, and 
stability of response (a couple of hours). 

When a micropipette penetrates the cell membrane, 
a resting potential of 40-60 mV. is recorded, with an 
occasional burst of spikes. After some minutes of 
impalement, these neurones exhibit a low-frequency 
discharge of impulses, with slow and irregular changes 
in frequency, or with alternating periods of activity 
and silence. We speak of this as ‘spontaneous’ 
activity not prejudging if it is due to random synaptic 
bombardment or autorrhythmic activity generated 
in the impaled cell itself. Not only full-sized spike 
potentials (with an overshoot of 20-40 mV.) but also 
abortive or incipient spikes, and slower or faster 
oscillations of the membrane potential, in a depolariz- 
ing or hyperpolarizing direction, may be recorded. 

If the ipsilateral mantle nerve is stimulated with 
electrical pulses at rather low frequencies (1—5 sec.~), 
each stimulus may at the beginning drive a full-sized 
spike potential in the neurone (Fig. 1). After a certain 
number of stimuli, both the driven responses, and the 
‘spontaneous’ impulses as well, are blocked «nd 
replaced by an oscillating type of hyperpolw.iaing 
activity, which either builds up gradually during 
stimulation or appears abruptly after some stimuli. 
In many cases, with adequate amplification aad time 
base, each afferent impulse can be seen to be followed 
by a hyperpolarizing potential with quite a regular 


VOL. 192 


latency. These hyperpolarizing effects have been 


Fig. 1. Electrical activity of snail ganglion cell (continuous 
record except for 18 sec. cut between (2) and (3) ). (1) Neurone 
discharges ‘spontaneously’. Stimulation of ipsilateral mantle 
nerve at a frequency of 5/sec. ‘Driven’ spikes, preceded by 
slight positive potentials, can be observed a er the first seven 
stimuli. Spike activity is then blocked, being replaced by oseil- 
lating hyperpolarizing potentials, These continue despite cessa- 
tion of stimulation, for 40 sec., before a a = 
reappears (2)-(3). (3) Full-sized 5 — intermingled wi 
cipient spikes and positive potentials 
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recorded both with ipsilateral and contralateral 
stimulation. In some instances the inhibitory effects 
are established after some stimuli, but without the 
remarkable oscillating behaviour already described. 

When stimulation is discontinued, hyperpolarizing 
oscillations and inhibitory effects gradually subside, 
and after 20-100 sec., ‘spontaneous’ activity re- 
appears, the membrane potential shifts towards 
negativity; positive potentials may appear inter- 
mingled with full-sized or incipient spikes, until the 
resting pattern of activity is finally re-established 
(Fig. 1). After some minutes of rest, renewal of 
stimulation is followed by earlier inhibitory effects, 
block being obtained with fewer stimuli, and even- 
tually with a single stimulus. These blocking effects 
of long duration, especially when correlated with 
hyperpolarizing responses, suggest a mechanism 
different from fatigue—rather a mechanism of active 
inhibition. It is also improbable that fatigue could 
result from such a low frequency of stimulation, on 
occasions Jower than the frequency of ‘spontaneous’ 
activity itself. 

It is rather difficult to justify the use of the term 
‘habituation’ to describe our observations, because of 
the conditions in which the experiments were carried 
out—with an isolated nervous system preparation. 
electrical stimulation of nerve trunks, and the short 
period of observation possible. Nevertheless, they 
confirm the existence of an inherent inhibitory 
mechanism in the nervous system of the snail, a 
mechanism which, put into action by repeated 
stimulation, could be the basis for a process analogous 
to habituation, at the neuronal level. Finally, as our 
observations seem to conform so neatly with Moruzzi’s 
vivid suggestion regarding the mechanism of habitua- 
tion, namely, that “‘monotonous repetition of an 
identical stimulus would bring about, by a pheno- 
menon of temporal facilitation—an avalanching 
increase of activity in inhibitory neurons’’, we com- 
municate these results under this rather provoking 
title, and as a schematic model for describing the 
phenomenon of habituation and discussing its 
hypothetical mechanism. 

This work was supported financially by the Com- 
mission for Promotion of Research, Faculty of 
Medicine, University of Chile. 
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Effects of Intensity of Driving Stimulus on 
the Shape of Membrane Action Potential 
of the Heart 
AN investigation of the influence of driving stimuli 
on the membrane action potentials of toad cardiac 
muscle fibres has been made. Endocardial surfaces 


of excised hearts were exposed and the transmem- 
brane potentials of atrial and ventricular fibres 
recorded by means of glass-pipette microelectrodes. 
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Fig. 1. A-1, Duration of action potential of an atrial fibre when 
using a threshold driving stimulus (7 V.), and A-2, the change in 
duration when driving stimuli were of twice threshold strength. 
B-1, The progressive shortening of the action potentia! when 


driving of quiescent atrial fibres was begun—the first ten beats. 


B-2 shows the steady state attained. C, Control atrial fibre action 

potentia] (1), after atropinization (terminal concentration of 1 in 

a million) (2), and when twice threshold driving stimuli were used 

on the atropinized tissue (3). Time is indicated in 100 (small 

pips) and 500 (large pips) msec. intervals. Calibration of voltage 

on the left base indicates -—100 mV. from the extracellular 
potential (time-base) 


As shown in Fig. 14, duration of the action 
potentials of atrial fibres was reduced from 500 msec. 
to 59 msec. or by 88 per cent, when the intensity of 
the driving stimulus was made twice the threshold 
strength (Fig. 1 A-2). This effect was reversible and 
could be reproduced at will. Thus, by properly 
adjusting the intensity of driving stimuli the duration 
of induced action potentials could be controlled. 

It was occasionally observed that similar changes in 
duration occur without the use of supraliminal 
stimuli. When atrial fibres, which had been quiescent 
for some time (about 2 min.), were driven with 
threshold stimuli, the action potential shortened 
progressively (Fig. 1 B-1) and attained a steady state 
of duration at about 22 per cent of the initial duration 
(Fig. 1 B-2) that of the first driven response. 

Shortening of the duration of the action potential 
brought about by the procedure mentioned above was 
quite similar to the effect of acetylcholine or vagal 
stimulation. All three effects were antagonized by 
atropine. These findings suggest that a substance like 
acetylcholine is liberated by the driving stimulus and 
that the amount of the substance discharged is 
increased with an increase in the intensity of the 
stimulus. 

In both atrial and ventricular fibres, the degree of 
reduction brought about by an increase in the 
intensity of driving stimuli was almost the same as 
that caused by maximal vagal stimulation. This 
result and the fact that the reduction was not uniform 
around the driving cathode suggest the possibility 
that liberation of acetylcholine occurs from intramural 
nerve endings or ganglia stimulated directly by the 
electrical drive itself. 

The next problem is whether or not autonomimetic 
substances other than acetylcholine are also liberated 
by driving stimuli. The duration of the action 
potential elicited by threshold driving stimuli was 
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prolonged to some extent by administration of 
atropine (Fig. 1 C-2). After atropinization, increase 
in the intensity of driving stimuli still brought about 
certain changes in shape of the action potential, 
namely, a prolongation of its duration, rather than a 
shortening, an increase in amplitude of the over- 
shoot, a slowing of the terminal phase of depolariza- 
tion and initial phase of repolarization (Fig. 1 C-3). 
Since similar effects were obtained both in atrial and 
ventricular fibres by administration of epinephrine or 
norepinephrine as well as by sympathetic nerve 
stimulation, it is conceivable that increase in the 
intensity of the driving stimuli results in liberation 
of a sympathomimetic substance. This liberation 
might result from stimulation of intramural nerve 
fibres by driving stimuli as in the case of liberation of 
acetylcholine. In preparations not atropinized, these 
effects were not observed, probably because they were 
masked by those of the acetylcholine which was 
simultaneously liberated. 

It is obvious that in electrically driven hearts the 
duration and shape of the membrane action potential 
can be widely varied, depending on the intensity of 
the driving stimuli. The possible liberation of the 
autonomimetic substances should always be taken into 
account in interpreting the results of experiments 
which involve electric stimulation of cardiac tissue. 

Our thanks are due to Dr. Chandler McC. Brooks 
for reading the manuscript and aaking valuable 
suggestions. T. AzuMA 

H. HayasuHi 
T. Kanno 
K. Matsupa 
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Interrelationship between Fat and Sugar 
Metabolism in Infant Rats 


Rat milk contains a large amount of fat and 
protein?. The amount of sugar in this food is just 
sufficient to cover the energy needs of the infant rat 
for about 2 hr., and it is thus obvious that the 
energy required for the remaining 22 hr. of the day 
must come either from fat or protein. This is under- 
lined by the fact that liver and muscle glycogen 
content, although falling transiently shortly after 
birth, soon return to higher levels*. 

In order to gain further insight into the ways in 
which individual nutrients are utilized by the infan: 
rat the following experiments were performed: Rats 
aged 5 (suckling period) and 30 days (end of wean- 
ing), and adult animals (body-weight 200 gm.) of 
both sexes were starved for 24 hr., the 5-day-old 
animals at 30° C., the older ones at room temperature. 
They were then given 1-1 ml. of olive oi]/100 gm. 
body-weight via a stomach tube, and were killed at 
different intervals. Liver glycogen content? and 
blood glucose-levels*‘ were determined. It is evident 
from Fig. 1 that administration of olive oil to animals 
aged 5 days resulted in a rapid increase in the level 
of liver glycogen, while no such rise was observed 
in animals aged 30 days, or in adult rats. Blood 
glucose-levels remained unchanged in all age-groups. 

The administration of 1-1 ml. oleic acid/100 gm. 
body-weight to 5-day-old rats resulted in a much 
smaller, and variable, rise in liver glycogen content 
and the blood glucose-level was slightly raised. 
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Fig. 1. Liver glycogen content in rats starved for 24 hr. and then 
iven 1-1 mil. olive oil/100 gm. body-weight via stomach tube, 
ull line, rats pane | 5 days; interrupted line, rats aged 30 days 

(the same type of curve was obtained for adult animals and for 

5-day-old rats not given oil). Vertical lines indicate standard 

errors; each point is the average of at least 8 rats 


It thus appeared that the glycerol contained in 
olive oil was responsible for the large rise in liver 
glycogen content found in 5-day-old rats. Admin. 
istration of 2 ml. of a 2-5 per cent glycerol solution 
per 100 gm. body-weight, or administration of a 
mixture of oleic acid and glycerol corresponding to 
1-1 ml. olive oil/100 gm., however, did not cause a 
rise in liver glycogen content, although hyper. 
glycemia was regularly found. 

These results may be explained in several ways. 
Either fat gives rise to carbohydrate or fat spares 
sugars to a greater extent in the younger age-group. 
The first possibility can be rejected on theoretical 
grounds‘: the second, however, m¢< v also be objected 
to since, following olive oil administration, glycogen 
accumulates in the liver and must be synthesized 
from some substance other than protein or amino- 
acids following the finding that gluconeogenesis from 
casein hydrolysate is much lower in sucking rats 
than in older animals’. Finally, there remains the 
possibility that triglycerides are transported differ. 
ently in infant rats, as is also indicated by other 
results’, and are transferred across the intestinal wall 
as such and broken down elsewhere, the glycerol 
being used for synthesis of liver glycogen. 

P. Hann 
O. Koipovskt 


Institute of Physiology, 
Czechoslovak Academy of Sciences, 


Prague 6. 
V. MELICHAR 
M. NovAk 
Institute for the Care of 
Mother and Child, 
Prague. 
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Generalized Skeletal Response on Local 
Trauma in Young Rats studied by means 
of “Ca-Metabolism 


Ix connexion with following-up deviations in 
metabolism of calcium in bones in young animals after 
local injury by Roentgen irradiation, we wished to be 
convinced about the effect of other kinds of physical 
traumatism on the metabolism of calcium in bones. 
For this purpose we chose electric current for several 
reasons: in the first place, almost nothing is known 
about deviation in metabolism of bones injured by 
electric current, and secondly, because the entire 
question of the effect of such trauma on _ bones 
has been relatively little studied. Electro-trauma is 
quite easily earried out. It is also known that the 
majority of wounds in electro-trauma quickly heal 
without suppuration so that when experimenting it 
is possible to exclude undesired suppuration as a 
complication which could misrepresent the observed 
results. In case of other surface injuries, for example. 
radiation damage, torpid ulcers arise which are the 
seats of infection, causing local irritation which may 
meet with a response in the entire organism. 

In our experiments we used male rats of the Wistar 
strain about 10 weeks old, each weighing 120-130 gm. 
We wounded them in the upper part of the shank on 
the back right limb by discharging a condenser, the 
eapacity of which was 80 uF.. loaded at a potential of 
2,000 V. 

Thus only one discharge penetrated across the 
limb. The rats were then divided into groups of five, 
and 20 ue. of CaCl, in 1 ml. physiological salt 
solution were applied intraperitoneally after 4, 10, 
17, 24 and 38 days after injury. The rats were killed 
48 hr. after addition of the isotope, and the tibias of 
the injured limbs dissected. The control limbs of the 
injured animals and the tibias of a control group of 
animals treated with isotope but not subjected to 
electro-trauma were also removed. Besides the tibia, 
we also took out the shoulder blade of all animals. 
With all the bones we recorded the weight of the dry 
bone and the ash after burning, measured the entire 
contents of bone calcium, and determined the 
specific activity of the caleium-45. 

Four days after the injury, differences appeared in 
the weight of the dry bone, ash and calcium content 
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Fig. 1. Weight of dry bone (1), ash (2) and total bone calcium (3) 
of rat tibias. [1], Control group; O, traumatized tibia; @, non- 
traumatized tibia 
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bigs. 2 and 3. 48-hr. accretion of calcium-45 in the tibia (above) 

and scapula (below). (J, Tibia in control group; O, traumatized 

tibia; @, non-traumatized tibia; A, scapula of control group; 
A, seapula in traumatized animals 


the control group (Fig. 1). All values showed a 
tendency to fall, followed by a much slower incline 
and restitution than in the uninjured animals. At the 
same time certain differences in weight appeared 
even in uninjured limbs of wounded animals, showing 
that a general reaction results from a local trauma. 
These changes occurred not only on the bones of the 
limbs but were also evident on the scapula, which is a 
bone of differently growing type from that of the limb, 
and is situated far from the injured place. 

Distinct and important changes are evident when 
tracing the specific activity by measuring the values 
of calcium-45 in injured and uninjured bones. Fig. 2 
shows the 2-day accretion of calcium-45 in the tibia 
and Fig. 3 in the scapula. It shows that in the bones 
of injured animals an increased accretion of isotope at 
first took place in all bones, again indicating the 
general response of calcium metabolism in the 
skeleton. When comparing Fig. 1 and the weights, 
it is surprising to find that while the weight of dry 
bone, ash and total bone-calcium content show a 
decline, the specific activity increases. 

Calcium metabolism depends on a number of 
factors'-* the most important of which are accretion, 
resorption and calcium exchange. In comparing the 
results of our experiments, which follow accretion 
for 2 days, changes are evident in accretion values 
of calcium-45 in injured and uninjured bones of the 
experimental animal, changes which are expressions 
of local and general reactions as a result of local 
traumas. In comparing the results with the values of 
weight, it is shown that, after injury, sot only the 
accretion is increased, but also the resorption of 
calcium (even more than accretion), so that the 
injury causes deep interference in the metabolism of 
calciura in the entire skeleton. 

One other interesting inference, which follows from 
measuring and observing these values, is that in 
young animals even at the end of the experiment 
(about 40 days after injury) the conditions of metab- 
olism had not become normalized. Although the 
skin wounds after electro-trauma were healed without 
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complications within ten days of the injury—healed 
in such a way that no traces of the transit of current 
were seen macroscopically—the disturbance of calcium 
metabolism and the response to local trauma remains 
as is shown by the dry-weight, ash, and calcium 
content of measured bones. Hence, the metabolic 
changes which result from local injuries to growing 
organism can persist for some time after healing. A 
similar reaction was noticed not only after electro- 
trauma injury, but also as a result of radiation 
injury*, showing that this general response is the 
natural reaction of growing organisms to local 
trauma. 

Details of the conditions of accretion and resorp- 
tion of radiocalcium after local electro-trauma has 
been published in Archiv fiir orthopddische und Unfall- 


Chirurgie’. 
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Number of Recirculations of Chick 
Embryo Erythrocytes 

Ir has recently been shown by Allison! on the 
grounds of cardiac output x erythrocyte life-span/ 
blood volume that in spite of quite different erythro- 
cyte life-spans in man, dog and rat the average 
number of times an erythrocyte is oxygenated and 
deoxygenated, that is, the number of recirculations, is 
in all three species of the same order, about 180,000 
times. It might be of interest to determine if this 
relation is valid for embryonic erythrocytes also, and 
for their various lines respectively. Unfortunately, 
only incomplete data or none at all are available for 
mammalian embryos, though values covering nearly 
the whole incubation period have been published for 
chick embryos. 

Using Allison’s formula it was found that the 
number of recirculations of nucleated adult hen’s 
erythrocyte is between 147,150 and 186,300, that is, 
in the range valid for non-nucleated erythrocytes of 
adult mammals*. 

Allison’s formula in its original form is generally not 
suitable for calculation of embryonic erythrocyte 
recirculations because the cardiac output and the 
increase in blood volume and the absolute number of 
erythrocytes of one generation changes as develop- 
ment proceeds. For this reason we suggest the follow- 
ing procedure: for each day of incubation the number 
of recirculations is multiplied by the corresponding 
absolute number of erythrocytes of one line present 
in circulation (taken from their survival curve). 
The sum of these products over the whole incubation 
period will be divided by the maximal number 
reached by the erythrocyte line during incubation. 
Thus the average number of recirculations one ery- 
throcyte undergoes will be obtained. 

For each day of incubation starting with the 
second, the number of recirculations was calculated 
from Hughes’s® data for stroke volume (data published 
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Fig. 1. (a) Number of recirculations from the second day of 

incubation until the first postembryonic day; survival curves of 

primitive (6) and definitive erythrocytes with round nuclei 
(c) during the same period 


by Hughes are for both ventricles together, and must 
therefore be gradually reduced starting with the 
fourth day to one-half from the seventh day onwards 
because of the development of allantoic circulation) 
multiplied by heart-rate value*. The product yielded 
the cardiac output/min. Thereafter the cardiac output 
values were multiplied by 1,440 min. (24 hr.) and 
divided by the corresponding blood volume’. § 
the average number of recirculations of the entire 
circulating blood/day of development was estimated, 
The average number of recirculations in a day's 
interval increase from 362 between the second and 
third day of incubation to 6,145 between hatching 
(20th day) and the first post-embryonic day (Fig. 1a). 
Because the results on the stroke volume* cover 
the period from day 2-5 to day 17 only, the border 
values on both sides have had to be extrapolated 
(dotted line in Fig. la). The error of this extrapolation 
is, however, of little bearing because the corresponding 
values in both survival curves (Fig. 1b, c) are low. 

Both survival curves (absolute number of erythro- 
cyte lines concerned present in circulation) ar 
approximately of triangular shape and are practically 
limited to the embryonic period. That of the primitive 
erythrocytes*, the first generation of erythrocytes 
(Z I) starts on the second day of incubation with a 
maximum on the seventh day, while that of the 
definitive erythrocytes with round nuclei’, the 
second generation of embryonic erythrocytes (£ II), 
which appears as late as on the fifth day, reaches its 
maximum on the eleventh day. 

From these results the average number of recircula- 
tions for a primitive erythrocyte was calculated to be 
14,452 and quite a similar number (13,935) was 
found for a definitive erythrocyte with round nucleus. 
These values are most probably maximal, because the 
data for stroke volume probably err, according to 
Hughes’, on the high side. That means that the 
average number of recirculations of two generations 
of chick embryo erythrocytes is considerably lower 
than in hens, being less than 10 per cent of aduit 
values. This is not proportioned to the ratio of 
average erythrocyte life-spaas soncerned---20 Jays ii 
hens* as compared with <ays* for “ I and * 
days’ for E II, respectively m chick »>~vos. The 
indicates that there will be perhaps swine o. rer facie" 
or factors besides that of the metaboiic wear con ; 
nected with ionic fluxes across the orythrocyte met: 
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brane, as suggested by Allison, which play their part in 
the extremely short life-spans of chick embryo 
erythrocytes. One of these factors might be the high 
degree of immaturity at which the chick embryo 
erythrocytes are poured out into the blood stream’. 

"4 full account of our calculations is to be published 
elsewhere?. 

Future investigations will show if this relatively 
small number of recirculations holds good also for 
mammalian primitive erythrocytes. There are 
indications that their average life-spans are also about 
one-quarter of that found in adult mammals”. 

L. LEMEz 
Z. RYCHTER 
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PHARMACOLOGY 


Stimulation of Uptake of Calcium-45 
in the Adrenal Gland by Acetylcholine 


RecentLy, Douglas and Rubin! have suggested 
that acetylcholine, the physiological transmitter of 
sympathetic nerve effects at the adrenal medulla, 
evokes catecholamine secretion by causing calcium 
ions to penetrate the medullary cells. Our experiments 
with calcium-45 have now provided further evidence 
consonant with this idea. 

Adrenal glands from nine cats were perfused in 
vitro with Locke’s solution. One gland from each 
anima] was used. to determine ‘resting’ uptake of 
calcium and the contralateral gland stimulated with 
acetylcholine. Both glands were perfused with 
Locke’s solution containing calcium-45 for about 10 
min. during which time one was given acetylcholine 
in a concentration (10-5 gm./ml.) sufficient to cause a 
brisk secretion of catecholamines. Thereafter, they 
were perfused with Locke’s solution containing only 
calcium-40 and measurements were made of the 
efflux of calcium-45. Loss of calcium-45 from the 
perfused glands was at first very rapid, but it slowed 
after about 50 min. and the decline in activity 
in the glands thenceforth followed a simple exponen- 
tial course. It was assumed, on the basis of the work 
of others on muscle*:*, that by this time the extra- 
cellular calcium-45 had been completely washed out. 
One hundred minutes after beginning the washout, 
stimulated and unstimulated glands were separated 
into medulla and cortex and their radioactivity 
determined. 

The glands exposed to acetylcholine contained 
more radioactivity than the unstimulated glands. On 
8 weight basis, the medulla was several times more 
active than the cortex. Comparison of the stimulated 
and ‘resting’ medulle indicated that during perfusion 
with acetylcholine the rate of calcium uptake was in- 
creased about eight-fold. A number of similar experi- 
ments were carried out with potassium, which is also 
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known to evoke adrenal secretion. Potassium (56mM) 
also caused an increased uptake of calcium-45, with 
the medulla again showing the greatest rate of uptake. 
This stimulant effect of potassium on calcium influx 
persisted in the presence of hexamethonium sufficient 
to suppress indirect effects due to stimulation of 
nerve endings present in the gland, and was presum- 
ably due to depolarization of the medullary cells. 

We observed incidentally that acetylcholine and 
potassium also increased the rate of upteke of 
calcium-45 by the cortex, although to a lesser extent. 
This effect was too great to be accounted for by in- 
complete separation of medulla from cortex. It may 
be related to a stimulant effect of acetylcholine on 
adrenocortical secretion, such as Rosenfeld‘ observed 
in perfused calf adrenals. 

The finding of increased uptake of calcium during 
exposure to acetylcholine or potassium is consistent 
with the idea that acetylcholine evokes catecholamine 
secretion by causing calcium ions to penetrate the 
adrenal medullary cells and that this penetration 
may be brought about by depolarization’. The finding 
also extends the remarkable parallelism previously 
noted! between the two sets of evidence implicating 
calcium in ‘stimulus-secretion coupling’ at the 
adrenal gland and in ‘excitation-contraction coupling’ 


in muscle, W. W. Doveras 
A. M. Porsner 
Department of Pharmacology, 
Albert Einstein College of Medicine, 
Eastchester Road and Morris Park Avenue. 
New York, 61. 
* Douglas, W. W., and Rubin, R. P., J. Physiol.,159, 24 P (1961); Bio- 
. Pharmacol., 8, 20 (1961). Douglas, W. W., and Rubin, R. P., 
J. Physiol., 159, 40 (1961). 
* Harris, E. J., Transport and Accumulation in Biological Systems, 
— ed, (Butterworths, London; Academic Press, New York, 
> Shanes, A. M., J. Cell. Comp. Physiol., 57, 193 (1960). 
* Rosenfeld, G., Amer. J. Physiol., 188, 272 (1955). 


Pharmacodynamical Effects of Asarone 
and 6-Asarone 


Danpiva et al.):* have determined the effect on the 
central nervous system of Acorus calamus, a drug 
used in the Indian system of medicine for various 
ailments including some of the mental disorders. In 
the present work two fractions ‘asarone’ and ‘B-asa- 
rone’ (isolated by Baxter and Kandel) of the volatile 
oil of Acorus calamus have been investigated with re- 
gard to effects on the central nervous systein and other 
pharmacodynamical actions which these drugs have. 

The prolongation of hypnotic activity of (i) pento- 
barbitone, (ii) hexobarbitone, and (iii) ethanol was 
investigated in white mice. Asarone and §-asarone 
were given in different groups of animals intraperi- 
toneally in doses of 50 mgm./kgm., followed 15 min. 
later by one of the anzsthetic agents mentioned. The 
sleeping time was recorded in the manner described in 
refs. 1 and 2. It was observed that both asarone <nd 
B-asarone significantly (P < 0-01) prolonged 
sleeping time of all the anesthetic agents ment’oned, 
for example, the mean sleeping time due te pento- 
barbitone alone, of 101-6 + 14:5 min., was raised to 
20+ + 18-8 min. when the animais were pretreated 
with G-asarone and to 206-4 + 28-3 min. when the 
animals were pretreated with asarone. 

It was also observed that the hypnotic potentiating 
property of f-asarone was significant!y more 
(P < 0-05) than that of asarone in thes» loses 
against all these anesthetic agents. Asa:vrc 
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G-asarone in these doses exerted no effect on the 
spontaneous motor activity of the animals in contrast 
to the increased motor activity observed with all the 
anesthetic agents mentioned. However, the spon- 
taneous activity of untreated animals was definitely 
reduced by asarone or §-asarone. 

Both these agents caused a significant fall in 
rectal temperature of mice (P < 0-01). The fall was 
maximum in the first 30-45 min. and lasted 2-3 hr. 
and the recovery to the normal was attained in about 
5 hr. 

Anticonvulsant action of asarone and $-asarone was 
studied in ninety albino rats. Convulsions were 
induced by electro-shocks, or ‘Metrazol’ or ‘Picro- 
toxin’. It was seen that 8-asarone in an intraperiton- 
eal dosage of 20 mgm./kgm. failed to influence the 
electro-shock seizures. Asarone in a dose of 20 mgm. / 
kgm. intraperitoneally caused reduction in the inci- 
dence, duration and severity of extensor tonic phase 
induced by electric shocks. Asarone in a dose of 50 
mgm./kgm. gave protective action against shocks 
induced by ‘Metrazol’ when prevention of extensor 
tonic spasm and death were considered as the protec- 
tive end-points. The occurrence of both these end- 
points was markedly reduced in animals treated with 
asarone. §-asarone, on the other hand, potentiated the 
lethal action of ‘Metrazol’. However, both the com- 
pounds potentiated convulsions induced by ‘Picro- 
toxin’. §-asarone itself in 50 mgm./kgm. doses intra- 
peritoneally caused mild generalized myoclonic con- 
vulsions in rats; this property was lacking in asarone. 

Effect on the spontaneous behaviour pattern was 
stud’ed in eight cats according to the method in 
ref. 3. Both these compounds reduced the sociability 
score. Similar results were obtained with other tran. 
quillizers like reserpine and chlorpromazine. The 
influence on conditioned escape and avoidance 
responses on 44 rats was investigated. The rats were 
trained to develop these two reflexes by the method 
in ref. 4 (with slight modifications). It was seen that 
the escape phenomenon (the rat jumping out of the 
cage even before the presentation of the conditioned 
stimulus, namely, bell) was abolished in 25 per cent of 
the trials and conditioned avoidance behaviour was 
abolished in 10 per cent of the trials, after both asarone 
and 8-asarone. This percentage loss in these two 
reflexes was significant as compared with control 
data. 

. Frog heart perfusion experiments revealed that both 
asarone and §-asarone cause stoppage of heart in 
diastole in quite low concentiation. However. 
8-asarone appeared to be more potent than asarone. 

Isolated pieces of rabbit intestine were fixed 
for investigating the influence of these compounds on 
the longitudinal movements end the tone of the 
intestine. It was seen that both asarone and $-asarone 
reduced the tone and caused diminution in the longi- 
tudinal movements. $-asarone was found to be much 
more potent than asarone. Rhythmicity of the iso- 
lated uterine strip was reduced by both these agents. 

Anti-acetylcholine actions for both these agents 
were investigated on the following preparations: (1) 
isolated guinea pig ileum; (2) isolated uterine strip of 
rat ; (3) dog’s tracheal muscle preparation ; and (4) frog 
rectus. Both asarone and §-asarone were found to 


have anti-acetylcholine actions on these preparations 
and here, too, 8-asarone was more potent than asarone. 

So both asarone and §8-asarone possess many 
pharmacodynamical actions quite similar to some of 
the well-established tranquillizers. §-asarone appears 
to be more potent than asarone and the influence of 
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these compounds on electro-shocks and *Metragy 
shocks differs. {§-asarone itself causes generalig.| 
convulsions and potentiates the ‘Metrazol’ seizury 
while asarone has a definite tendency to protect againg | 
‘Metrazol’ convulsions and modify electro-shocks. 
The investigation was partly financed by 4, | 
Indian Council of Medical Research, New Delhi. 
J. D. Swarm, 
P. C. Danpry, 
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Department of Pharmacology. 
S.M.S. Medical College. 
Jaipur (India). 
R. M. Baxter 
S. I. Kanner 


Faculty of Pharmacy, 
University of Toronto. 


* Dandiya, P. C., and Cullumbine, H., Arch. Pharmacodyn,, 19% 
353 (1959). 


* Dandiya, P. C., Cullumbine, H., and Sellers, E. A., Arch, Iy 
Pharmacodyn. , 126, 334 (1959). 
Mate, and de Bear, E. J., Ann. N.¥. Acad. Sci., 
(1956). 
‘ Maffii, G., J. Pharm. Pharmacol., 11, 129 (1959). 
HAMAT OLOGY | 


Haptoglobin and Transferrin Types in 
Peruvian Indians 


RECENT reports on the incidence of the serum 
haptoglobin types of American Indians have included 
observations on natives of Alaska’, south-westen 
United States?:*, southern Mexico and Guatemala’ 
Venezuela’, and Chile*. The incidence of the Hp' gene, 
shown in Table 1, is usually higher than that found in 
the population of western Europe (gene frequeney 
0-32—0-43, mean about 0-39). In several tribes, the 
occurrence of Hp’ is as frequent as that reported in 
the various Bantus of Africa‘ (0-49- 0-87). This finding 
is of particular interest when compared with the low 
incidence of Hp! (0-09—0-28) in Asiatic populations** 
Since genetic drift is often responsible for marked 
fluctuations in the concentration of given genes ‘a 
comparatively isolated areas, more observations are 
necessary to confirm these apparent differences. We 
have investigated the haptoglobin (and transferrin 
types of two Peruvian Indian groups. 

Plasma specimens were obtained from 56 Aymara- 
speaking Indians of Jaillihuaya, who have little, ifany. 
European or African admixture. and an additional 


Table 1. DISTRIBUTION OF HAPTOGLOBIN TYPES IN NORTH, CENTRAL 
AND SOUTH AMERICAN INDIANS 
Haptoglobin phenotype 
Population No. (per cent) Hp" gew 
2-1 2-2 frequency 
Alaska (ref. 1) 
North Athabascan 202 173 48:5 31-2 30 0-42 
Tlingit 82 195 463 31:7 25 O-44 
South-west U.S.A. 
Apache (ref. 2) 98 346 480 174 O 0-59 
Navajo (ref. 3) 267 213 461 326 O O44 
Central America 
(ref. 4) 
Non-Mayan 189 32-8 4927 179 0-57 
Mayan 418 33-4 50-27 158 0-6 0-59 
Lacandon $1 774 #129 O 97 0-93 
South America 
Venezuela (ref. 5) 
Hybrids 208 274 548 178 O 0-55 
Irapa 129 O8 395 597 O 0-21 
Paraujano 114 286 49% 213 O 0-53 
Macoita 74 162 54:1 29-7 0 0-43 
Maquiritare 59 453 305 23-7 0 0-61 
Chile (ref. 3) 
Araucanian 34 688 324 88 0O 0-75 
eru 
Aymara 56 50-0 429 71 O 0-71 
Quechua 117 54-7 38:5 83 O O74 


* No visible haptoglobin, or unclassified. 
t Includes two examples of Hp 2-1 (mod). 
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117 specimens from the Quechua-speaking Indians of 
Paucarcolla. From work on their blood groups, these 
subjects were calculated to have a White admixture 
of about 1-1 per cent and a Negro admixture of about 
14-6 per cent’’*, although no aberrant hemoglobins 
oy deficiencies in glucose-6-phosphate dehydrogenase 
were encountered®. The details of collection and 
distribution of samples have already been described*. 

Starch-gel electrophoresis was performed by 
smithies’ method’®, using Poulik’s discontinuous 
buffer system'! and a staining procedure outlined 


elsewhere?*. 


No. 4809 


No difficulties in interpreting the haptoglobin. 


patterns were encountered, since all specimens con~ 

tained adequate quantities of the hemoglobin-binding 

protein. 

There were no unusual phenotypes, such as the 
Hp 2-1 (mod) type which is a characteristic of 10 
per cent of American Negroes?’. 

Transferrin phenotype C was found in all the 
subjects except one, whose phenotype was B,C. 
Transferrin CD,, which occurs in about 10 per cent of 
American Negroes™*, and the recently described 
B,.,C type*, found in about 8 per cent of Navajo 
Indians, were not encountered. 

The haptoglobin phenotype distribution in the two 
Peruvian groups is compared in Table 1 with data on 
other Indians of North, Central and South America. 
The marked elevation in Hp’ gene frequency cannot 
be considered to be due to Negro admixture in the 
Aymara-speaking Indians, and Negro admixture 
could only account for a moderate degree of elevation 
in the Quechua. 

It has been suggested‘ that an increasing frequency 
of the Hp" gene in native populations occurs in the 
following order: Asia, Alaska, North America. 
Central and South America. That this apparent cline 
might reflect some regional selective advantage(s) is 
an attractive hypothesis. Further work on these and 
other populations may eventually lead to the eluci- 
dation of mechanisms responsible for the maintenance 
of haptoglobin polymorphism throughout the world. 

This work was supported, in part, by U.S. Public 
Health Service Grant H-5780. 

R. 
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Serological Evidence of a Chromato- 
graphic Sub-fractionation of Human 
7S y-Globulin 


PREPARATIONS consisting of the electrophoretically 
slowest migrating part of the 7S y-globulin were 
prepared by means of preparative zone electrophor- 
esis. Individual preparations were obtained from 
normal serum and from the serum of an Rh-immunized 
individual. Preparations from pooled plasma were 
obtained from commercially available Cohn fraction- 
ated y-globulin (supplied by AB KABI, Stock- 
holm). All preparations showed Gm(a+) character 
when tested in a serum-grouping system according to 
Grubb!*. On immunoelectrophoresis with different 
rabbit antisera against human whole serum (supplied 
by Behringwerke, W. Germany) the y-globulin prepa- 
rations showed the character of 7S y-globulin. No 
Be4 Or Boy Was present. 

These 7S y-globulin preparations were subjected 
to hydroxyl apatite chromatography according to 
Hjertén*. The protein preparations dissolved in 
0-02 mole phosphate buffer, pH 7-9, were applied to 
columns equilibrated with the buffer. The protein 
was eluted with the same buffer by a stepwise increase 
of the molarity of 0-03-0-65. As a rule all the 
protein was eluted in the steps up to 0-09 17. After 
dialysis against buffered saline (pH 7-2) and adjust- 
ment of the sample by ultrafiltration to equal protein 
concentration (as determined by a modified Folin 
method and by the Kjeldahl method), the sub- 
fractions were analysed and compared in the following 
way. 

Immunoelectrophoresis revealed a somewhat higher 
electrophoretic mobility of the fractions eluted by 
phosphate buffer of lower molarity than of fractions 
eluted at higher molarity. Furthermore, the former 
type of y-globulin showed a doubie precipitin line 
consisting of two discrete parallel lines, while the 
latter type showed a sharp single precipitin line (ef. 
Heremans'‘). This difference was more or less pro- 
nounced depending on which antiserum was used. 

,As already pointed out the y-globulin starting 
materials used in the experiments were known to 
inhibit agglutination in a Gm grouping test system. 


obtained by the hydroxyl apatite chromatography. 
The agglutinating system used consisted of wonstant 
amounts of O Rh(+) human red cells sensitized by 
incomplete Rh-antibodies and a rheumatoid serum of 
anti-Gm(a) character. The y-globulin sub-fractions, 
of equal protein concentration, were added in two-fold 
serial dilutions to the agglutinating system. In all 
cases a higher agglutination-inhibiting activity was 


Table 1. SEROLOGICAL ACTIVITY, AT EQUAL PROTEIN CONCENTRA- 
TION, OF 7S y-GLOBULIN SUB-FRACTIONS FROM HYDROXYL APATITE 
OLUMNS ELUTED AT DIFFERENT MOLARITY OF PHOSPHATE BUFFER 
(pH 7-9) EXPRESSED AS (TITRE) 

Sensitizing activity towards 
O Rh( +) red cells revealed by : 
Rheumatoid 
arthritis serum + 


Gm-agglutination 
inhibition * 


Fraction eluted 
aft molarity 
Anti-y serum t 


0-04 4 
005 16 
0-06 32 1 
0-97 128 2 
0-08 64 4 


*To an aggiutinating system consisting of O Rh(+) red cells 
sensitized by incomplete anti-Rh antibodies and diluted rheumatoid 
arthritis serum of anti-Gm(a) character two-fold dilutions of the 
different S7 y-globulin sub-fractions were added. . 

+A constant amount of O RA(+) cells was added to two-fold 
dilutions cf the different 7 S y-globulin sub-fractions. After incuba- 
tion at 37° for 2 hr, and subsequent washing, the agglutinability of 
the cells was tested with a rabbit anti-human y-globulin serum and 
with the anti-Gm(a) rheumatoid arthritis serum. 
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found in the sub-fractions eluted by buffers of higher 
molarity than in fractions eluted by buffer of lower 
molarity. In the different experiments, the largest 
difference in this respect between sub-fractions 
originating from the same y-globulin preparation 
varied 2-5 titre steps. 

The possibility that this difference could be 
explained by an enrichment in the more active 
sub-fractions of aggregated 7S y-globulin, which may 
have a high agglutination-inhibiting activity in the 
Gm grouping test system*®, was excluded by the 
following experiment. y-Globulin sub-fractions 
obtained by hydroxyl apatite chromatography were 
submitted to zone ultracentrifugation in a sucrose 
gradient. The top fractions in this way freed from 
any fast-sedimenting 7S y-globulin aggregates were 
recovered and tested in the Gm grouping system. The 
same difference in agglutination inhibition was 
observed as before ultracentrifugation. 

The serological investigation of the y-globulin 
sub-fractions of the serum containing incomplete 
Rh-antibodies is shown in Table 1. Besides the 
differences mentioned above, an enrichment of the 
Rh-antibodies in the sub-fractions eluted by buffer of 
high molarity was observed. 

These observations thus indicate that hydroxyl 
apatite chromatography of human 7S y-globulin may 
give sub-fractions differing in serological character. 

Uxr NILsson 

Department of Clinical Chemistry, 

University of Uppsala. 
' Grubb, R., Acta Path. Microbiol. Scand., 39, 195 (1956). 
?Grubb, R., and Laurell, A.-B., Acta Path. Microbiol. Scand., 39, 

390 (1956). 

* Hiertén, 8., Biochim. Biophys. Acta, 31, 216 (1959). 
* Heremans, J., Les globulines sériques du systéme gamma, 119 (Editions 

Arscia, 8.A., Bruxelles, 1960). 


* Kunkel, H. G., Miller-Eberhard, H. J., Fudenberg, H. H., and 
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PATHOLOGY 


Intracellular Response to an Iso-immune 
Reaction at the Surface of Ascites 
Tumour Cells 


THE cytotoxic effect on mouse ascites tumour cells 
treated in vitro with various antibodies has been 
shown to require the presence of complement?*. In 
the absence of complement the cells appear to be 
normal when viewed by phase contrast microscopy?; 
they retain their capacity to exclude trypan blue* 
and to metabolize glucose*. The only changes which 
have been reported are slight alterations in the fine 
structure of the cell surface, which were thought to 
favour agglutination by rabbit antibody directed 
against ascites cells*. 

There is strong evidence, from hxmagglutination 
work, that some iso-antigens of the H-2 system* 
are present on the surface of mouse erythrocytes‘. 
The present investigation was undertaken to de- 
termine whether such iso-antigens could be demon- 
strated on the surface of £4 ascites cells, and whether 
histochemica! methods could be used to reveal the 
effect on the cell of an iso-immune reaction at its 
surface, in the absence of complement. 

Iso-antisera were prepared in BALB/c strain mice 
against EL4 tumour cells resident in C57BL strain 
mice by immunization with tumour cells mixed with 
Freund’s complete adjuvant. The mice and tumour 
were the generous gift of the late Dr. P. A. Gorer. 
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The cytotoxic titres* of these antisera, in the preseng 
of complement, varied from 1/64 to 1/256. In th 
absence of complement, iso-antibody caused negligible 
agglutination of cells even when present at as hi 
@ concentration as 1 vol. antiserum: 1 vol. cell gus. 
pension containing 2 x 10’ cells/ml. This was j, 
marked contrast to the strong agglutinating effeg 
of rabbit antibody which was observable even with 
rabbit antiserum diluted 256 times. 

It was first necessary to confirm that the moug 
iso-antibody did react with surface antigens. This 
was effected by incubating suspensions of EL4 cols 
with mouse antiserum (preheated for 30 min. a 
56°C.) in the absence cf added complement. That the | 
antibody was located exclusively on the cell surfags | 
was observed by subsequent staining of air-dried 
smears of washed cells with a rabbit anti-moug 
globulin which had been conjugated with fluorescein | 
isothiocyanate. 

It was remarkable that in these circumstances, 
which were expected to produce purely surface | 
effects, marked cytoplasmic changes were observed 
when histochemical techniques were applied to air. 
dried smears. Thus, exposure of the cells to iso. 
antiserum alone, at 37° C. for 15 min., in the absences 
of complement, resulted in marked activation of » 
lysosomal acid phosphatase’; there was also sim. 
ultaneous unmasking of cytoplasmic phospholipid, 
particularly in discrete granules, as shown by the 
acid hematin technique*. The stimulation of 
glucose dehydrogenase activity observed under 
similar conditions could have been a non-specific 
effect since it was also observed after incubation of 
these cells with normal serum. 

The immunofluorescent results indicated that this 
iso-antibody acted solely at the surface of the cells 
under these experimental conditions. If this were 
true, then the effect of the immune reaction at the 
cell surface in causing changes in intra-cytoplasmic 
particles was surprising. 

In homograft rejection, circulating antibody may 
act synergically with immunologically competent 
host cells, though the extent to which complement 
is involved is uncertain. It is possible that intra- 
cytoplasmic effects of iso-antibody acting at the 
donor cell surface may play some part in the mech- 
anism of rejection. 

We are indebted to Prof. E. G. L. Bywaters, Dr. 
L. E. Glynn and Dr. E. J. Holborow. One of vs 
(L. B.) wishes to thank the Trustees of the Prophit 
Fund for a research studentship. 
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A Carcinogenic Action of Testosterone, 
provoking Uterine Tumours in Mice 


Tue literature concerning the induction of tumours 
by hormones is very extensive'-*. (C£strogens 
especially appeared to play an important part in 
hormonal carcinogenesis*®. Evidence of a carcinogenic 
action of androgens is very scant. Horning* observed 
3 theca-cell ovarian tumours in rats and 2 adrenal 
cortical tumours in hamsters after long-term treat- 
ment with testosterone. Also, Kirkman’ suggested 
that testosterone propionate may act as @ non- 
specific carcinogen in the hamster. 

In our experiments one pellet of 1-2 mgm. testo- 
sterone propionate was subcutancously implanted 
into female mice of the Fl hybrid (C57BE x dba) 
twice a week. The treatment was started at the 

of 14-3 months and continued until the mice had 
to be killed because of their bad condition. 

At post-mortem examination a surprisingly high 
percentage of uterine tumours was found (Table 1). 


Table 1. UTERINE TUMOURS INDUCED BY TESTOSTERONE 
No. of No. of Average 
No. of mice with mice with survival time 
mice * tumours lung met. (months) t 
29 PF, (BD) 14 6 18-8 
2) (BDs) 16 9 14-7 
F, (BDs) 12 11 15°3 


*Surviving the testosterone treatment for 10 months or more. 
+ No difference was found in the survival time of the tumour- 
bearing and the non-tumour-bearing mice. 


In 26 of the 42 mice treated with testosterone 
uterine tumours were observed, and in 10 of the 
tumour-bearing mice metastases were present in the 
lungs. 

Most of these tumours were found either in the 
uterine cervix or in the unpaired uterine part. Only 
a few tumours were located in the horns of the 
uterus. The size of these tumours varied considerably. 
The largest diameter was about 25 mm. and the 
smellest 4 mm. The tuiaours were always strictly 
limited to the uterus and the vagina and no other 
tissue of the peritoneal cavity was involved. The 
surfaces of the cut tumours showed mostly a pink 
colour, but sometimes necrotic or hemorrhagic areas 
were seen. 

The histological pattern of the testosterone-induced 
uterine tumours was very characteristic and similar 
for the several tumours we have observed. In most 
of these tumours large trabecule of cells were found 
next to more solid parts. The trabecule formed 
locally branched papilla inside large sinuses. Most 
of the tumour cells had a diameter varying from 20 
to 30% and contained an abundant fine granular 
cytoplasm which stained mostly basophilic. The 
nuclei were large and relatively clear with prominent 
nucleolus (Fig. 1). 

Most of the tumours showed an infiltrative growth 
in the muscular layers of the uterine wall. This fact 
together with the appearance of lung metastases are 
distinguishing marks of the malignancy of these 
tumours. 

In most of the mice bearing a uterine tumour as 
well as in those without a gross uterine tumour one or 
more smaj] pink nodules were observed in the uterus. 
Macroscopically and microscopically these nodules 
showed close similarities to the gross uterine tumours. 
We think we are justified in considering these nodules 
as stages preceding the malignant uterine tumours. 

These nodules developed in the strome of the 
endometrium. The epithelium and the muscular 


layers were not involved. The origin and the histo- 
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Fig. 1. Histological picture of a uterine tumour. 
logical aspects of the nodules are similar to the 
histological chenges in the stroma of the endometrium 
during the first stages of pregnancy. On these 
similarities we base our hypothesis that the uterine 
tumours induced by testosterone are related to the 
decidua cells. The histological characteristics of these 
specific uterine tumours differ from the uterine 
carcinomas and uterine sarcomas so far described. 

R. van NIE 

E. L. BENEDETTI 

O. 


Laboratory Antoni van Leeuwenhoek-huis, 
Netherlands Cancer Institute, 
Amsterdam. 

’ Gardner, W. U., Adv. Cancer Res., 1, 173 (1953). 

* Kirschbaum, A., Cancer Res., 17, 432 (1957). 

° a: F., and Horning, E. 8., Brit. Med. Bull., 14, 106 
( 

‘ Gardner, W. U., Pfeiffer, C. A., and Trentin, J. J.,in The Physiopath- 
ology of Cancer, second ed., edited by Hamburger, F.,and Fishman, 
W. H., 152 (Hoeber, New York, 1959). 

* Burrows, H., and Horning, E. 8., Oestrogens and Neoplasia (Black- 
well Scientific Publications, Oxford, 1952). 

* Horning, E. 8., Brit. J. Cancer, 12, 414 (1958). 

* Kirkman, H., Acta Un. Int. Cancer, 16, 143 (1960), 


Deiodination of Thyroxine-'?'I in 
Tumour-bearing Rats 


Ir has been shown that hyperthyroidism induced 
by the administration of large coses of triiodothyron- 
ine increased the radiosensitivity of tumours in rats 
and in human beings!:*. Later it was found that hyper- 
thyroidism induced in this way significantly enhances 
the growth of a solid non-metastatic myeloid leuk- 
emia tumour of the Sprague-Dawley rat, a rat 
fibrosarcoma of a local strain and the Ehrlich mouse 
ascites tumour*. 

In view of the profound effect of severe hyper- 
thyroidism on tumour growth and its response to 
radiation, it became of interest to investigate the 
turnover of thyroxine in animals bearing these 
tumours. 

The rate of deiodination of thyroxine was investi- 
gated by administration of a tracer quantity of 
labelled thyroxine and the amount of the inorganic 
iodide formed was determined by radioactive assay. 
To ensure complete retention of the iodide formed in 
the circulation, rats were surgically thyroidectomized 
48 hr. before the turnover experiment. Tracer 
thyroxine, labelled with iodine-131 in the 3’ and 5’ 
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positions, was injected into the vena cava following a 
bilateral nephrectomy. Blood samples were collected 
into heparinized test-tubes at 45-min. intervals for 
5-8 hr. The serum was then separated and the iodine 
bound to protein was determined‘. From the total 
values of serum iodine and protein-bound iodine the 
serum iodide concentration (per cent of injected dose 
per gm. serum) was calculated. The increase in iodide 
concentration with time was taken as an index of the 
rate of deiodination of thyroxine. 

In the experiments performed on 150 rats it was 
found that the rate of deiodination (per cent thyroxine 
deiodinated per unit time) was higher in the animals 
bearing tumours than in the respective controls. Since 
age was one of the major factors affecting the rate of 
deiodination, ell rats selected were of identical age. 
The differences between the average rates were 
50 + 10 per cent in the leukemia tumour and 45 + 10 
per cent in the rats bearing fibrosarcoma, with a 
statistical significance of more than 99 per cent. In 
hypothyroid animals the difference in the rate of 
deiodination was even greater, amounting to 80 + 15 
per cent in the animals bearing fibrosarcoma as 
compared with their hypothyroid non-tumorous 
controls. In a similar manner old age was found to be 
another condition in which the difference between 
tumorous and control animals manifests itself 
emphatically; a difference of more than 150 per cent 
in the rates of deiodination was observed here. On 
the other hand, no significant difference in the rate of 
deiodination was found between animals with or 
without tumours in which hyperthyroidism had been 
induced artificially. 

After the deiodination experiments the animals 
were killed and the specific activity of the tumours 
(per cent of injected dose per gm. tissue) was com- 
pared with that of the gastrocnemius muscle. The 
specific activity of the tumours was 3—5 times higher 
than that found in muscle and was comparable with 
that in the ovaries. A similar finding has been reported 
in the mouse mammary tumour using triiodothyron- 
ine’. 

The weights of the tumours ranged from 5 to 40 gm.. 
constituting 2-25 per cent of the total weight of the 
rats bearing tumours. However, when the increase in 
rate of deiodination was related to the weight of 
tumour in each animal, or to the per cent body-weight 
constituted by the tumour, no correlation could be 
established. 

Physiological variations between normal and 
tumour-bearing animals as described here are rare 
and are worth careful consideration. An increased 
rate of deiodination is generally associated with the 
hyperthyroid state, yet no indication of such a state 
is apparent in animals bearing tumours. As little is 
known about the mechanism of deiodination of 
thyroxine at the cellular level, it is premature to put 
forward an explanation for the enhanced deiodina- 
tion. 

The lack of correlation between the degree of 
enhanced deiodination and the mass of the tumour 
strongly suggest that the effect is due either to a 
change in the hepatic metabolization of thyroxine or 
to a certain factor of a systemic nature mediated by 
the presence of the tumour. The tumour thus does 
not appear to be the site at which the excess deiodina- 
tion takes place. Should this effect prove to be 


associated with the presence of malignant tumours in 
general and should it occur also in human subjects 
afflicted with cancer, then the demonstration of an 
increase in the rate of deiodination of thyroxine may 
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be of value for the early diagnosis of malignant 
growths which are not otherwise detectable. 

This research was supported, in part, by the Ann 
Langer Cancer Research Foundation, Chicago. 


J. A. STem 
M. ANBAR 

S. GuttTmMann 
N. Ernst 


The Hebrew University Hadassa Medical School, 
Jerusalem. 
The Isotope Department, 
Weizmann Institute of Science, 
Rehovoth. 
Research Laboratories of the Israel Atomic 
Energy Commission, 
Rehovoth. 


' Stein, J. A., and Griem, M. L., Nature, 182, 1681 (1958). 

* Griem, M. L., and Stein, J. A., Amer. J. Rentgenol. Rad. Nucl. Med, 
84, 695 (1960). 

* Stein, J. A., and Wiener, E., Block, M., Back, A., and Griem, M, I, 
Cancer Res. (in the press). . 

* Clark, O, E., Moe, R. H., and Adams, E. E., Surgery, 26, 331 (1949), 

* Corey, K, R., and Gross, J., Cancer Res., 20, 470 (1960). 


HISTOLOGY 


Role of the Thymus in Polysaccharide 
Metabolism 


Ir has been shown by a series of experiments'- that 
the thymus plays an active and significant part in 
polysaccharide metabolism. It was demonstrated!.+4s 
that, unlike other lymphatic organs, stress and 
processes of tissue proliferation induced the emigra- 
tion of cells from, and a mast-cell reaction in, the 
thymus. This reaction was preceded by the appear. 
ance of periodic acid—Schiff-positive cysts and of 
thymocytes containing periodic acid—Schiff-positive 
matter. It was possible to confirm these findings by 
demonstrating in tissue cultures? that the cells of the 
thymus showed a marked affinity for heparin’ and 
decomposed heparin’, which was much stronger than 
that of other cells (liver, spleen, heart, kidney) and 
even more pronounced than the heparin affinity of 
the lymph node, which ranks, in this respect, next to 
the thymus. Although these experiments revealed 
the prominent role of this organ in the metabolism of 
mucopolysaccharides, it seemed necessary to measure 
this activity by means of a more exact method. 

It was with an indirect method and the use of 
isotopes that we investigated the correlation between 
thymus and acid mucopolysaccharides in the present 
experiments. Instead of labelled heparin we used 
labelled thionine (a dye): it combines with heparin 
in vivo so that radioactivity indicates the extent to 
which thionine is taken up by the organs and thus can 
be used as an indicator of their heparin metabolism. 
Thionine was labelled with sulphur-35 in our experi- 
ments for which 10 rats of 150 gm. body-weight were 
used. Each animal received intraperitoneally 4 mgm. 
of the dye. The animals were killed by a blow on the 
head 24 hr. after the injection; thymus, lymph node, 
spleen, liver and heart were removed, weighed and 
homogenized; radioactivity was then measured with 
an end-window Geiger-Miiller tube and a scaler of type 
EMG 1872. Radioactivity in the blood was ascer- 
tained also. Results are shown in Table 1; values 
are given as percentages of total radioactivity intro- 
duced and refer to 100 mgm. of wet tissue. 


He 
Bh 
ex 
ap 
set 
of 
si 
Tk 
the 
of 
mi 
fur 
sin 
are 
see 
me 
oar 
noc 
abl 
Ins 
Osa 
* Cua 
* Osa 
* Cea 
~ * Did 
* Tor 
I 
fixa 
this 
mot 
the 
mic 
bice 
wert 
tion 
Cha: 
fixa’ 
this 
The 
gray 
aver 
were 
a 


Med,, 
1, M. L,, 
} (1949), 


le 


that 
art in 
143,48 
and 
nigra- 
a, the 
pear: 
nd of 
sitive 
by 
of the 
5 and 
than 
) and 
ity of 
to 
ealed 
sm of 
asure 

se of 
pween 
esent 


December 30, 1961 


No, 4809 
Table 1 
Radioactivity Standard Result of 
Organ (percentage of total) deviation Student’s ¢ test 
us 2-52 0-18 Highly significant, 
Thym 0-1 per cent 
Lymph node 0-152 0-012 Highly significant, 
< 0-1 per cent 
3pleen 0-11 0-011 
0-003 
0-007 


It can be seen that all tissues investigated, with the 
exception of the thymus and lymph node, took up 
approximately the same small quantity of dye. This 
seems to indicate active uptake or the combination 
of the dye with the existing acid mucopolysaccharides, 
since radioactivity in tne blood was quite negligible. 
Though quantitatively low, activity was significantly 
higher in the lymph node, and outstandingly high in 
the thymus, about 20 times as high as in other tissues. 

These figures are in good agreement with the results 
of earlier experiments: they show that the thymus 
plays a prominent part in the metabolism of acid 
mucopolysaccharides (of heparin in particular) and 
furthermore they show that although morphologically 
similar, the thymus on one hand, and the spleen and 
lymph node on the other, have different functions and 
are involved in different biological processes. It 
seems, moreover, that as regards polysaccharide 
metabolism, there is also a difference between lymph 
node and spleen; this, too, is in agreement with 
earlier observations according to which the lymph 
node is more or less capable, and the spleen incap- 
able, of formimz mast cells*-5, 

G. CsaBa 
G. Torx 
I. Téré 


Tu. Acs 
L. CsAxKt1 


Institute of Histology and Embryology, 
Budapest Medical University. 
'Qsaba, G., Tér6, 1, Aces, T., and Kiss, F. J., Acta Morphol. Hung. 
9, 187 (1960). 
Tor6, I., and Kapa, Acta Morphol. Hung., 9, 197, 291 
"Oba, 3, Tord, I., and Vatal, M., Acta Morphol. Hung., 9, 297 
‘Csaba, @., Acta Morphol. Hung., 9, 285 (1960). 
* Csaba, G., and Kapa, E., Nature, 187, 711 (1960). 
*Diderholm, H., and Hellmann, B., Z. Zellforsch., 48, 450 (1958). 
Tord, and Aros, B., Acta Morphol. Hung.. 8, 152 (1958). 
‘Tord, I., and Csaba, G., Anat, Anz. Ergdnzungsheft, 349 (1960).~ 


“Fixation“of Muscle 


I HAVE investigated recently the effect of various 
fixation methods on mammalian skeletal muscle. For 
this purpose the biceps brachii muscle of the albino 
mouse was chosen because of its convenient size and 
the fact that it can be easily dissected out. All the 
mice used were females weighing about 34-5 gm., the 
biceps muscles were weighed in each case, and all 
were found to weigh about 0-0155 gm. 

_The fixatives used were of the normal concentra- 
tions, 2 per cent osmium tetroxide being used in 
Champy’s fluid and in Flemming’s fixative. Following 
fixation, etc., the paraffin-embedded material was cut 
at 7-54 and sections taken through the belly of 
this muscle were stained with Mallory triple stain. 
The outlines of the fibres were drawn on squared 
graph paper with the aid of a camera lucida. The 
average cross-sectional area and the standard error 
were determined in each case from a sample of 25 
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figures taken at random. In the case of fibre measure- 
ments of the living muscle, the fibres were teased out 
in Locke’s mammalian Ringer solution, and their 
diameters were measured immediately. As the fibres 
were seen to be circular in transverse section, their 
cross-sectional area was obtained by treating them 
as cylinders. Direct cross-sectional area measure- 
ments were found to be impracticable because the 
living material tended to contract on cutting. The 
standard error of the living fibre sample was 106 
on . The results are represented in the histogram 
ig. 1). 


L600, 
living tissue 
1400 
200 
L000 
800. 
600. 
400. 
200 
Fig. 1. Effect of various fixatives on fibre cross-sectional area 
(fixation time in parentheses) 
A, Champy’s fluid (42 hr.). 
B, Flemming without acetic acid (42 hr.). 
C, Formol calcium (12 hr.). 


Bouin’s (12 hr.). 

. Carnoy (3 hr.) 

Dalton’s (1 hr. and postchrome for 6 hr.). 

Neutral formalin, neutralized with sodium hydroxide (48 hr.). 

, 2 per cent osmium tetroxide in acetone freeze substitutions 
Carnoy (1 week) 

Methanol 


The results of the freeze substitution technique? 
were surprisingly poor; these were repeated but the 
same extent of distortion occurred. Sections of 
kidney prepared at the same time and in the same way 
showed no distortion. In the case of muscle treated by 
the methanol freeze substitution technique, extensive 
breakage of the sarcolemma was noted. Champy’s 
fluid and Fler..ming’s without acetic acid are seen to 
cause little shrinkage, and the results obtained from 
these two osmium tetroxide fixatives are very close 
to those for the living tissue; the histological appear- 
ance of such sections is extremely good and the muscle 
spindles are very well preserved. It is often not 
practicable to use osmium tetroxide on a large scale, 
as it is relatively expensive and has only very low 
powers of penetration, thus limiting severely the size 
of the tissue which can be fixed. It would seem that a 
slight shrinkage is inevitable, as the fibres will lose 
their turgidity on fixation. 

The other fixatives caused great distortion. This 
could be readily seen because of the polygonal shape 
of fibres in transverse sections as compared with the 
spherical or ovoid shape of those fixed in Flemming 
without acetic acid, Champy’s fluid, and the living 
fibres. This distortion is probably due to a chemo- 
shortening of the fibrous connective tissue around the 
bundles. 
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In the light of these results, it seems most unfor- 
tunate that much of the work on the shape and size of 
muscle fibre has been carried out on material fixed in 


formalin. 
G. GOLDSPINK 


Department of Zoology, 
Trinity College, 
Dublin. 


* Feder, N., and Sidman, R. L., J. Biophys. and Biochem. Cytol., 4, 
593 (1958). 


RADIOBIOLOGY 


Detecting Reversion in /4rll Bacteriophage 
to r* induced by Vitra-Violet Irradiation 


DuPriInc investigations into the mechanism of 
ultra-violet mutagenesis in extracellular phage, 
the following test was de.»loped for estimating the 
extent of reversion of bact«r “phage 7'4B from rII to 
r* induced by ultra-violet irradiation. 

All 7'4rII mutants were obtained in this labora- 
tory by ultra-violet irradietion of T4Br+ phage. 
12 hr. cultures of Escherichia coli B and K-12 
(), obtained in 1958 from E. Freese, were used 
in assays of rII and r+ phage respectively. Agar 
media were those of Chase and Doerman'; broth 
media contained, per litre ion-free water, 10 gm. 
tryptone, 8 gm. sodium chloride, and 1 gm. glucose. 
Phage were diluted and irradiated in this broth. All 
assays were performed by the agar layer method of 
Adams*. To detect as few as 20-30 r+ phage 
among 5 x 10*® rII phage the concentration of 
bacterium K-12 (A) per soft agar tube approached 
2x 10°. 

A 15-watt ‘Sylvania’ 17-in. low-pressure germicidal 
lamp was used to irradiate all samples at a distance of 
67 cm. and at 4° C. Phage samples were distributed 
as two-drop aliquots on glazed white porcelain spot 
test plates which were agitated during exposure. 
Irradiated phage were handled in dim light to avoid 
photoreactivation. Under these conditions a standard 
inactivation curve, graphed as the logarithm of 
percentage survivors against ultra-violet dose, was 
linear to 0-001 per cent survivors; 55 sec. of ultra- 
violet irradiation resulted in a survival-level of e-}. 

Each of 12 rII mutant stocks was assayed on B and 
on K-12 (i) to determine accurately the titre of total 
and of r+ phage. Triplicate samples of each phage 
stock were irradiated to various survival-levels as 
indicated in Table 1. Two to three aliquots of these 
samples were then assayed on bacterium K-12 (A) to 
obtain the titre of r+ phage (background plus ultra- 
violet-induced mutants). Remaining aliquots of 
these samples were assayed on bacterium B to provide 
the exact survival-level. 

Results are presented in Table 1. Clearly 5 of the 
12 mutants revert to r+ when irradiated with 
ultra-violet. The extent of reversion ranges from 
1-81 r+/10® survivors to 4-2 x 10° r+/10® survivors. 
Two other mutants (UO F54 and UF147) may be 
weakly revertible but cannot be definitely classed as 
such since the proportion of r+ phage per 10° 
surviving phage is so low as to make an accurate 
assay of their number unfeasible by this technique. 

Control experiments by Krieg* ruled out the 
possibility that the observed increase in r+ phage 
might be due to ultra-violet-induced selection for r* 
phage present in the stocks before irradiation. 

This technique for detecting reversion differs from 
Krieg’s® in the following points. (1) Ultra-violet- 
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Table 1, EXTENT OF REVERSION OF T4rII TO r+ INDUCED BY Uxryy. 
VIOLET RADIATION 
Total 
n r+ after r* ultra- 
where Stock rs ultra- violet Reve. 
Mutant e*= r, (S/S9) per 10° S sion 
SiS, x irradia- group 
tion 
UF2 0-60 5-6 ore 533 360 0 NR 
UFZ 99 56 0-003 0 0 
UF54 0-97 48 qe 199 290 0-06 NR 
63 48 0:8 o 
UF147 0°88 2-0 908 338 630 0-35 NR 
U F147 5-3 2-0 403 1 plaque 
OF12 057 83 950 1,180 0 YR 
1,670 
FP125 7-4 8-3 1:01 2 plaques 
UF211A 16 15-0 1,230 1,010 0 NR 
6,150 
UF211A 7:7 15°0 1-35 0 0 
UF344A 3:4 10-0 10,700 353 950 181 Re 
UF165 19 10-0 3,300 495 480 0 NR 
UF114 30 2-5 1,010 50-5 300 2-01 Re 
UFi44 13-0 60 1:7x10° 49-4 .6°34x10°42 x10° R, 
UF173 58 13-0 1:1x10* 3-2x 10.35 x 83 R, 
UF518B 80 140 3-7 x10°7-44x10 R, 
UF50 039 21 0/10° 0 0 0 NR 


n, Average number of ultra-violet ‘hits’ per phage where e~* = S/s, 
S/S, percentage of survivors; r*+,, titre of r* phage present per mi: 
phage stock before irradiation; rt, ultra-violet, total r+ after ultra- 
violet — r*+(.S/S,). Reversion group: NR, non-reverter; R, reverter: 
8, strong; w, weak. = 


irradiated phage are directly assayed for their r 
content with no intervening cycle of phage growth. 
(2) Our average number of lethal hits per phage was 
considerably lower than Krieg’s*, yet reversion was 
still demonstrable. (3) Our multiplicities of infection 
of bacterium K-12 () with ultra-violet-irradiated 
phage during r* assay were of necessity less than |. 
Krieg’s* multiplicities of bacterium B during the 
first cycle of ultra-violet-irradiated phage growth 
were considerably greater than 1, and lead to multi- 
plicity reactivation. The results presented here lead 
one to surmise that multiplicity reactivation is not 
& prerequisite occurrence for the ultra-violet-induced 
reversion of rII to r+ phage. 

The possibility is not ruled out that, when present, 
multiplicity reactivation may of itself lead to the 
production of revertants. 

Different rII mutants appear by this simple test 
to differ appreciably in their ability to be induced to 
revert by ultra-violet-irradiation. Among the 5 rll 
mutants which could be induced to revert, the extent 
of reversion ranged from 1-81 to 4-2 x 10° rt per 
10° surviving phage. It is interesting that all thow 
mutants which are raost easily reverted by ultra- 
violet irradiation are also high-frequency spontaneous 
reverters. The compartmentalization of this small 
sample into ultra-violet-revertible and _ ultra-violet- 
non-revertible is suggestive of some specific mutagenic 
effect of ultra-violet light upon free phage. Investiga- 
tions concerning this specific ultra-violet mutagenic 
effect on free phage, from r+ to rII and from riII to 
r+, will be published elsewhere. 

This work was supported by a research grant 
(G—-14,209) from the National Science Foundation. 


C. E. FoLsome 
D. Levin* 
Biological Science Center, 
Graduate School, 
Boston University, 
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* National Science Foundation Undergraduate Research Participe 
tion Programme. 
1 Chase. M., and Doerman, A. H., Genetics, 43, 332 (1958). 
* Adams, M., Methods in Medical Research, 2, 1 (1950). 
* Krieg, D. R., Virology, 9, 215 (1959). 
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Effect of X-Irradiation on Self- 
Stimulation of the Brain 


RecENTLY it has been shown that the brain is 
sensitive to low doses of ionizing radiation'*. Pro- 
longed exposure to X-irradiation decreases lever- 
pressing by rats®. Conditional aversion to saccharin 
results from exposure of rats to y-radiation*°. 
Because radiation affects psychological tests based 
upon food or fluid intake, we studied the effects of 
X.irradiation on rats trained to press a lever for elec- 
trical stimulation of the brain*. A single electrode 
was permanently implanted in the posterior hypo- 
thalamus of 8 CF'N rats. After a training period of 
§ months, the rats received 600 r. acute whole-body 
X-irradiation. Radiation characteristics were : 
250 kVp.; 15 m.amp.; focus-object distance 70 em.; 
filters, 0-21 mm. copper inherent, 0-5 mm. copper 
parabolic and 1-0 mm. aluminium; half-value layer 
|-92 mm. copper; 22-9 r./min. measured in air. 

Calibration of the machine was done with a Vic- 
toreen thimble r.-meter and output during irradiation 
was measured with a Radocon unit. On completion 
of the experiment, histological sections of the brain 
were compared with the de Groot atlas’ to locate the 
electrode tip. 

The responses of the animals can be divided into 
two groups. Those with high pre-irradiation rates 
(Fig. 1) had highly significant increases in the rate of 
lever-pressing on the day of irradiation. This was 
followed by return to, and a fluctuation within, the 
control values until the 17-19 post-irradiation day 
when there was a significant decrease in the rate of 
lever-pressing. 
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Fig. 1. Response of high-rate lever-pressing rat to 600 r. acute 

whole-body X-irradiation. The horizontal lines indicate the mean 

and standard deviation determined over a period of 6 months. 

The elevation of lever-pressing activity is highly significant 
(P > 0-001). C, Control; R, irradiation day 


The other group ef 3 animals had low pre-irradiation 
rates (Fig. 2) and showed highly significant decreases 
inrate on the first post-irradiation day. These animals 
had difficulty in again attaining their pre-irradiation 
rates throughout the 30-day period of observation. 
Histological examination of the brains revealed that 
the rate of lever-pressing was not associated with 
any specific nucleus in the hypothalamus, because 
both high and low rates were obtained from nucleus 
arcuatus hypothalamic, nucleus dorsomedialis hypo- 
thalamic and area lateralis hypothalamic. 

Although the usual transient loss in weight produced. 
by the irradiation was seen, this effect apparently had 
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1,300+ 

= 1,200 4 

= 1,100 4 

- 

5 1,000 
900 4 


Post-irradiation (days) 
Fig. 2. Response of low-rate lever-pressing rat to 600 r. acute 
whole-body X-irradiation. The horizontal lines indicate the mean 
and siandard deviation determined over a period of 6 months. 


The depression of lever-pressing activity is highly significant. 
\(P = 0-01). C, Control; irradiation day 


nothing to do with the changes in performance of 
both groups of animals because they showed slight 
increases in weight during the 30-day observation 
period. These results indicate that self-stimulation of 
specific nuclei in the posterior hypothalamus may 
give high or low rates of response depending on the 
particular nucleus stimulated. 

This confirms the observations of Hess* on the auto- 
nomic and somatomotor responses in the dienceph- 
alon, those of Gellhorn® on the autonomic areas 
and also those of Slusher and Hyde?® on diencephalic 
control release of adrenocorticotrophic hormone. 
In all these cases, diametrically opposite actions were 
obtained by stimulation of similar areas. The depres- 
sion of lever-pressing activity is much more prolonged 
than the stimulation of such activity. Thus, it would 
appear that the nuclei involved in these opposite 
actions may be directly affected by radiation, although 
the present experiments do not rule out the possibility 
that indirect and/or humoral agents from other areas 
in the body actually produced the effects observed. 
The question of direct versus indirect effects of the 
irradiation on the brain as well as the use of other 
electrode arrangements is now under investigation. 

We wish to thank Dr. M. A. Slusher for her assist- 
ance. This work was supported by contract AT’ 
(04-1) GEN-12 between the Atomic Energy Com- 
mission and the University of California. 


Tuomas J. HAtey 
P. Bacu-y-Rita 
N. Komesu 


Laboratory of Nuclear Medicine 
and Radiation Biology, 
Department of Biophysics and Nuclear Medicine, 
School of Medicine, 
University of California at Los Angeles. 
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Concentration of Inhaled Cerium-144 
in Pulmonary Lymph Nodes of Human 
Beings 

In the course of an investigation of fission products 
deposited in human lungs', we have also measured 
the radioactivity of pulmonary lymph nodes. In 
most cases investigated so far, the amounts of fission 
products found were too small to permit deductions 
about concentration of these substances in the lymph 
nodes. However, in some cases larger activities were 
observed and the occurrence of a concentration pro- 
cess could be clearly recognized. 

Concentration of radioelements in lymph nodes 
may, in certain circumstances, produce high local 
radiation dosages. In evaluating radiation hazards 
due to inhaled radioelements it is therefore neces- 
sary to find out whether lymph nodes have to 
be considered as a ‘critical organ’. Many factors 
must be taken into consideration in this connexion*:*; 

»ut the data required for this are only partly available 
so far. Data about the concentration of inhaled 
radioelements in lymph nodes of human beings have 
been reported only in one case, that of a man who 
had occupationally inhaled plutonium-containing 
aerosols for several years’. Further data on concen- 
tration in lymph nodes have been obtained in experim- 
ents with animals, chiefly with plutonium and 

We wish to report three cases, in which our measure: 
ments give information about concentration of 
cerium-144 in human lymph nodes (Table 1). The 
lungs investigated were obtained from deceased 
persons, who had—like all people—inhaled the 
radioactive aerosol produced in nuclear test explosions 
in recent years. The major part of the cerium-144 
detected in our measurements on lungs was probably 
produced in the high-yield test explosions carried 
out in 1957 and 1958. Cerium-144 is particularly 
suited for studying the behaviour of inhaled ‘fall-out’ - 
particles for the following reasons: (1) This fission 
product is present in fall-out largely in insoluble 
form’. (2) Because of its half-life (285 days) and 
fission yield, cerium-144 is present in larger activity 
than other fission products in the period of approx- 
imately 1-4 years after formation by nuclear fission 
(ref. 8). 

The organs investigated came from older persons 
(58-81 years), who had lived in Vienna for at least 
several years and died here. After the routine 
autopsy pulmonary lymph nodes (Lymphonodi bron- 
chopulmonales, bifurcationis, tracheobronchiales, 
paratracheales) were removed. This was facilitated 
by their dark coloration due to deposited anthracotic 
pigment, which is commonly present in city in- 
habitants. Lymph nodes and lungs were then 
ashed separately. In the ashes cerium-144 (Hy = 
134 keV.) was determined by gamma-spectrometry 
using a well-type Nal(T1)-crystal. The spectrum was 
obtained in detail from 84 to 156 keV. by measuring 
32 min. in each channel of 8-keV. width. In the cases 
reported here, the photo-peak at 134 keV. was clearly 
identified. We determined the area of the photo-peak 
above a ‘background continuum’, due in large part 
to the Compton continua of other radioeleruents and 
environmental radiation, and then calculated the 
amount of cerium-144 present by comparing with 
samples of known activity. 

In the first group of samples listed in Table 1, the 
lymph nodes from three lungs were combined in 
order to increase the activity to be measured. Thus 
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Cerium-144 Ratio y 
Wet activity of Speeifiy 
tissue Ash Date of whole Activities 
Date of Sample* mass, mass measure- sample, 4 (lymph 
death w (gm.) ment (#e.)and node. 
(gm.) statistical yng) 
error t 
BI/N 45 14/12/60 16-4 
(1+ 0-34) 
29/11/60 Bale 800 7-4 18/12/60 17-0 
30/11/60 BG/L 500 668 13/12/60 16-5 
29/11/60 BF/L 1,000 11-39 19/12/60 10-2 
Sum 2,300 43-7 x 19 
(1 + 0-30) 
17/ 8/60 BQ/N 11 O15 18/ 2/61 6-6 x 
(1+ 0-69) 
17/ 8/60 =BP/L 1,020 10-1 21/ 2/61 62-0 x 12 
(1+ 0-23) 
12/ 5/60 CG/N 5 O25 11/ 2/61 5-6 x 
{1+0-76) 
12/ 5/60 =CF/L 1,150 11:8 24/ 2/61 x 
(120-68) 


* /N, lymph nodes; /L, lung. 
t m calibration measurements for cerium-144: 1 ¢.p.m,« 
5-1 wee. Formula for calculation of statistical error, c: 


a = + + + + Asse + 
where 4g stands for the counts accumulated (in 32 min. in 4 
channel between (Z — 4) keV. and (E£ + 4) keV. 

tV Wy 


AL: WL 


the concentration ratio observed for this group of 
samples represents a mean value for three individuak. 
In the two other groups listed, activities of lung ani 
lymph nodes of one individual were compared. As 
shown in the last column but one, the cerium-]4 
activities found in the lymph nodes were between 
1/8 and 1/3 of the activities of the lungs. Since th: 
mass of the lymph nodes is quite small, the specific 
activity (concentration of radioelement) in thes 
organs is many times greater than in the remainder 
of the lung. The concentration ratios calculated ar 
given in the last column. Because of the statistical 
error of the measurements, the values are only 
approximate; but it is apparent that an increase in 
specific activity of one to two orders of magnitué: 
has occurred. Rather similar values were found in 
the investigations cited above*-*. 

We thank Primaria B. Uiberrak (Prosektur “Am 
Steinhof’’) for putting the lungs at our disposal, 
Dr. H. Houtermans (International Atomic Energy 
Agency) for calibrating a cerium-144 solution and 
Mrs. Ch. Friedmann for ashing the samples. Prof. 
H. Hayek, director of the Institute for Anatomy, 
has kindly advised and supported us. 

This investigation is being carried out under s 
research contract with the International Atomic 
Energy Agency. 

K. 
T. ScHONFELD 


Institute for Inorganic Chemistry, 
University of Vienna, 


A. SCHALLER 


Institute for Anatomy, 
University of Vienna. 
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Pituitary Effect on Synthesis of Deoxy- 

ribonucleic Acid in Regenerating Rat 

Liver following ae X-irradia- 
tion 


WxoLE-BODY X-irradiation delivered within 6 hr. 
of hepatectomy will inhibit the synthesis of deoxy- 
ribonucleic acid (DNA) in regeneratingliver. This 
inhibition has been elegantly demonstrated to be a 
result of the failure to synthesize certain enzymes 
coneerned with the formation of DNA’. The nature 
of this inhibition of enzyme formation is suggested by 
two recent reports. Myers* has reported that syn- 
thesis of DNA in regenerating liver is not completely 
inhibited following X-irradiation of liver only, and 
Benjamin and Yost* have observed that the uncoup- 
ling of oxidative phosphorylation seen in liver mito- 
chondria following whole-body irradiation is due to a 
pituitary stimulation with subsequent activation of 
the adrenal cortical hormones. These observations 
suggest that this interesting and rather unusual 
effect of low doses of whole-body X-irradiation on 
synthesis of DNA in the intact animal may be due toa 
pituitary stimulation which ultimately results in a 
decreased amount of energy being available for 
enzyme synthesis. The possibility of a pituitary effect 
on synthesis of DNA in regenerating liver following 
whole-body X-irradiation was confirmed in the 
experiments reported here. 

Male Sprague-Dawley rats (180-200 gm.) under- 
went partial hepatectomy by a standard method‘. 
and then were irradiated within 2 hr. of the opera- 
tion. The animals were given 15 uc. radioactive phos- 
phate intraperitoneally 3 hr. before they were 
killed (see Table 1 for schedule). Following killing, the 
livers of all animals within a group (2-3) were pooled. 
the DNA isolated, and the specific activity determined 
as suggested by Hecht and Potter’. All irradiated 
animals received 750 r. delivered by a General Electric 
‘Maxitron 250° operated at 30 m.amp., 250 kVp. with 
added filtration of 1 mm. aluminium, 0-5 mm. copper, 
delivering 106 r./min. at 50 cm. Shielding of animals 
was accomplished in a restraining box covered with 
15 em. lead located outside the radiation beam. 

The results of these experiments are summarized in 
Table 1. 
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Table 1. Speorric ACTIVITY OF DNA ISOLATED FROM REGEN- 

eRATING RaT LIVER FOLLOWING VARIOUS RADIATION PROCEDURES 
Procedures Time after death Specific activity 

(br.) (c.p.m./mgm.) 

Non-irradiated 18 0 

Non-irradiated 22 777 

Whole-body 22 0 

Head only 22 0 

Rody only 22 338 

Body only + 10 units of adreno- 

corticotrophie hormone 22 0 

Body only + 1 unit of thyroid 

stimulating hormone 22 0 


These experiments show that under conditions in 
which synthesis of DNA is active (19 hr. post- 
operative), 750 r. delivered either to the whole body 
or to the head will suppress synthesis of DNA in 
regenerating liver. Head shielding resulted in a 
markedly reduced synthesis and the administration of 
pituitary hormones immediately following irradiation 
further abolished DNA synthesis. The reciprocal 
experiments were also tried using commercial hypo- 
physectomized rats but none of these animals survived 
the course of the experiment. The conclusion from 
this series of experiments is that irradiation of the 
head alone produced the same inhibition of DNA 
synthesis in regenerating liver as irradiation of the 
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whole body, and that DNA synthesis, although 
reduced, was present when the head was shielded. 
The reduction of DNA synthesis in animals with their 
heads shielded may be the result of adrenal stimula- 
tion following X-irradiation. 

In view of the importance of regenerating liver as a 
system for studying synchronous formation of DNA, 
these experiments serve as @ reminder that contri- 
butions from other organs in modifying synthesis of 
DNA in liver should not be ignored. This is especially 
true in radiation work on synthesis of DNA as well 
as on population changes in ‘radiation-sensitive’ 
tissues. 

This work was supported by a United States 
National Health Service grant 3925 (c-2). 


The late D. M. 
K. W. Froyp 
R. W. 
J. L. SANDERS 
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Radioprotective Effects of Reserpine 
and its N-oxide 


CERTAIN & 10 oxides exert a protective effect 
against radiation injury'*. Reserpine has also been 
shown to have this action*. This suggested a compari- 
son between reserpine and its N-oxide. Groups 
of 20 CF-1 mice were administered various doses 
of the two compounds 24 hr. before X-irradia- 
tion with 600 r. (Table 1). Radiation conditions were 
the same as described previously’. Both compounds 
produced typical reserpine effects, sedation and 
ptosis, but the N-oxide was less active per dose. All 
three doses of reserpine N-oxide significantly in- 
creased the ST’, day, whereas only one dose of 
reserpine had this effect (Table 1). On the basis of 
total survival it requires twice as much reserpine as 
its N-oxide to decrease mortality by 25 per cent, and 
neither compound is as effective as quinoxaline 
di-N-oxide! or anhydroerythromycin N-oxide*. Mech- 
anisms of action are probably different, since 
the reserpine compounds exert no antibiotic effects. 
However, they have the proper chemical structures 
postulated for removing oxidizing radicals*. Protec- 
tion might be partially the result of the release of 
known protective compounds, adrenaline and 5-hy- 
droxytryptamine*. The release of catecholamines and 
5-hydroxytryptamine is essentially complete 16 hr. 
after reserpine administration, and the binding sites. 
as well as the plasma content, do not begin to contain 
appreciable amounts of these amines for at least 
4 days*-*. Metabolism and excretion are also going on 
at this time, and in all probability the amount of such 
amines available for exerting a protective effect is 
below that necessary for such an action. On the other 
hand, reserpine has been found in body tissues for at 
least 48 hr. following a single dose!*. Most of the 
reserpine was found in the tissue cells where, in the 
present radiation experiment, it could act as a pro- 
tecting compound. The fact that reserpine and its 
N-oxide exert only a slight protective effect against 
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Table 1. ORALLY ADMINISTERED RESERPINE AND ITS N-OXEDE AND 
SURVIVAL AFTER X-IRRADIATION 


Mortality 
Treat- Dose Final Days 
ment (mgm./ S7,,.* andrange Slope and range (per 
kgm.) cent) 
Water 
control 10-0 (84-120) 1-52 (1:33-1-73) 100 28 
Reserpine 10 13°8 (12°0-15-9)+ 1°38 (1°24—1-54) 90 30 
15 91 (68-121) 1-95 (1-58-2-39) 95 30 
13-0 (10-0-16-9) 1-78 (1-44-2-21) 75 30 
10 15°5 (12-7-18-9)¢+ 1°56 (1°32-1-84) 75 30 


Reserpine 1 
N-oxide 15 13-2 (10°9-16-0)t 1-54 (1°34-1-78) 90 30 
20 13-8 (12-8-14-9)f 1-20 (1°13-1'27) 100 19 
* ST,. day on which 50 per cent of animals are expected to be still 


alive. 
+ Differs significantly from control Values. P = 0-05 (ref. 4). 


lethal X-irradiation points out the need for contin- 
uing the search for compounds having low toxicity 
and greater protective effects at the cellular level. 
We thank Ciba Pharmaceutical Products, Inc., 
Summit, N.J., for the reserpine compounds. This work 
was supported by contract A7(04-1)GEN-—12 between 
the Atomic Energy Commission and the University 
of California. 
THomas J. 
A. M. FLesHER 
L. MAvIis 
Laboratory of Nuclear Medicine 
and Radiation Biology, 
School of Medicine, 
University of California 
at Los Angeles. 
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Requirement of Essential Fatty Acids 
and Avian Atherosclerosis 


AtrHoucsH Reiser in 1950! claimed that chickens 
needed a source of essential fatty acids during growth, 
the same author later concluded? that mature hens, 
maintained for a full year on a fat-free diet, did not 
require essential fatty acids for egg production or 
hatchability. More recently Bieri et al.*-* showed that 
chicks could be grown to maturity on an essentially 
fat-free retion without marked deficiency symptoms 
and suggested that Reiser’s purified chick ration may 
have been deficient in thiamine and vitamin A. In 
contrast with the chicken, exclusion of essential fatty 
acids from the diet of several mammals leads to a clear 
deficiency disease which, among more apparent 
externel symptoms, is also characterized by an in- 
crease in liver and epidermal cholesterol and a decrease 
in serum cholesterol in the rat*, and by aortic lesions in 
the pig*. Such observations lend support to the view 
of a possible connexion between deficiency of essential 
fatty acid end atherosclerosis’. Since atherosclerosis 
develops in the chicken on low-fat as well as on normal 
rations*, it seemed of interest to determine if rigid 
exclusion of essential fatty acid from the diet would 
aggravate aortic lesions. At the same time more 


information regarding the requirement of essentiy 
fatty acids and deficiency symptoms would } 
obtained from a group of birds maintained oq, 
tinuously on a diet deficient in essential fatty agix, 
from the day of hatching until 19 months of age. 
Day-old female chicks (10 per lot) were giver 
either fat-free (albumen-glucose) or normal, fy 
containing (about 3 per cent corn oil) rations for }y 
months. On the fat-free diets the birds developed leg 
rapidly (Table 1) than on the normal ration, but wey 
otherwise asymptomatic. The early weight differenos 
were largely overcome after 18 months. In oy 
opinion the extreme dryness of the fat-free ratio, 
interfered with prehension and deglutition in th 
birds consuming this diet. In order to improve th 
physical texture of the fat-free diet. starch wa 
substituted for part of the glucose. Although this 
improved the texture and increased feed consumption, 
it was found by analysis* that the starch suppliei 
0-06 per cent dienoic acid to the ration so that th 
starch was again removed. Acid hydrolysis was use 
to determine any residual fat since convention! 
solvent extraction procedures were ineffective. 


Table 1. EFFECT OF THE EXCLUSION OF ESSENTIAL Fatty Am: | 


FROM THE DIET OF CHICKENS 
Diet free of Normal diet 


essential 
acids ‘fatty acids 
Body-weight (gm.) 
8 weeks 367 + 16 695 + 26 
12 months 1,550 + 74 1,773 + 91 
18 months 1,678 + 53 1,735 + 108 
Age at first egg (weeks) 4 20 
Fatty acid composition of egg 
lipid (percentage of fat * 
aturated 40-9 
Monoenoic 66-8 45:9 
Dienoic 0-9 9-8 
Trienoic 1-4 0-4 
Tetraenoic 1-7 
Pentaenoic 0 0-5 
Hexaenoic 0 0-9 
Plasma (mgm./100 
m). 248 + 23 1 
Atherosclerosis 
Aorta score ft 1:7 + 0-2 2-1 + O02 


* From eggs collected after one full year of production. 
+ Of the 10 chicks started on each diet there ultimately were 5 ani 
8 left at the end of 19 months on the fat-free and normal diets r- 
spectively. Only non-specific causes were responsible for the death. 
or details regarding the scoring technique, see Fisher et al. (ref. 11), 


The time of onset of egg production was delayed 
by one month in the birds on the fat-free diet, a 
shown in Table 1. Egg production was good, but 
sporadic, on the fat-free diet, and there was only om 
bird on this régime that never laid. On autopsy, 


however, this bird was found to have been an internal | 


layer with an active ovary at time of killing. Eg 
production on the conventional ration was somewhat 
better. It is also worth noting that fertilized egy 
from the hens on the fat-free ration hatched appar- 
ently healthy chicks. 

Even after one year of egg production the eggs from 
the birds on the fat-free diet still contained small 
amounts of dienoic acid, as shown in Table 1. Even 
when the trace of dienoic acid (supplied by the starch 
which had been fed for a short time) is taken into 
account we cannot explain the origin of the dienoic 
acid in the eggs other than to suggest biosynthesis. 
However, Murty et al. recently showed that linoleic 
acid could not be synthesized from acetate by the 
laying hen*. Compared with the eggs from birds on the 
normal ration, the trienoic acid content of eggs from 
birds maintained on a fat-free diet is almost 3 times # 
high. Such elevated levels of trienoic acid in the tissue 
lipids have been considered an excellent indicator of 
the state of deficiency of essential fatty acids in the 
rat’. 
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The plasma cholesterol values of the hens shown 

in Table 1 indicate a clear elevation in the fat-free 

the normal hens. By contrast, and in agree- 

ment with the observation of Horlick e¢ al.*, on e 

low-fat diet the visual aortic scores were actually 

lower in the fat-free, compared with the normal 
pirds (Table 1). 

In summary, it appears that in the chicken the 
exclusion of essential fatty acids from the diet does 
not aggravate atherogenesis even though the level of 
cholesterol in the blood is elevated. Moreover, no 
overt defieiency symptoms such as skin lesions or 
impai reproductive functions were encountered. 

This work was supported, in part, by grants-in-aid 
from the U.S. Public Health Service and New Jersey 
Heart Association. 
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Anthropometric Correlations between 
Adult Brothers 


ANTHROPOMETRIC measurements have been made 
on 32 pairs of brothers. All subjects are adult men. 
The average age of the younger brothers is 32-3 yr., 
that of older brothers, 39-4. Age differences between 
members of the same pair vary from 1 to 20 years. The 
brother—-brother correlations are shown in Table 1. 
Some coefficients are low but, unless below 0-35, they 
are significant at the 5-1 per cent level. Low coeffi- 
cients are to be expected because in a panmictic 
population a brother—brother correiation should not 
significantly exesed 0-56 (or 0:42 for autosomal 
dominant characters). Other ccerficients are higher 
but, as for low significant correlations, with two 
exceptions there is no significant departure from 0-50. 
For head breadth and cephalic index, correlations are 
surprisingly high and significantly above 0-50. Such 
values can be expected if, instead of random mating, 
there is a fairly high degree of homogamy. In man, 
assortative mating exists primarily for body-height, 
secondarily for some characters correlated with 
stature. In our sample, fraternal correlation for body- 
height is low and does not differ significantly from 
0-50, the limiting value compatible with panmixia. 
One can guess that sssortative mating is directly 
related to some other anatomical traits, but it is hard 
to believe that cephalic index, which gives the 
strongest correlation, can be sexually attractive. A 
quite different explanation seems to be more credible. 
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Table 1. CORRELATIONS BETWEEN PAIRS OF ADULT BROTHERS 
This sample Howells’s data* 
r r 
Stature 0-35 0-47 
Sitting height 0-50 0-39 
nk height 0-62 
Vertex-suprasternale 0-64 
Neck length 0-32 — 
Upper limb length 0-15 _ 
Lower limb length 0-40 os 
Head length 0-54 0-38 
Head breadth 0-72 0-48 
Head heigth ~-O-11 0-49 
Cephalic index 0-76 
Minimum frontal breadth 0-34 0-47 
Bizygomatic breadth 0-16 0-29 
Face height 0-16 0-59 
Nose height 0-27 0-51 
Nose breadth 0-44 0-25 
Mouth breadth 0-41 — 


* Corrected figures published by J. M, Tanner (ref. 1). 


Our sample does not represent a definite geo- 
graphical area. As for many other samples, it is 
fortuitously mixed, because subjects come from 
different parts of the country. Two groups of fraternal 
pairs come from two distinct areas, the populations of 
which are anthropologically different. One is far more 
dolichocephalic than the other. In our small sample, 
these two groups are strong enough to increase the 
coefficient of correlation. The mingling of two more 
or less dissimilar groups—panmictic but ‘allopatric’— 
can exaggerate fraternal correlations in a way which 
simulates homegamy. After all, in this case, exces- 
sively high correlations are due to a kind of assorta- 
tive mating, not by choice, but by geographical 
isolation. Therefore, both exceptionally high fra- 
ternal correlations are not intrinsically wrong, but 
their numerical value should be reduced in some 
way. 

On the whole, significant correlations are in accord- 
ance with other data. Unfortunately, so far as I 
know, only three series of fraternal correlations have 
been published, with not entirely comparable assort- 
ments of characters'. Seven correlations of Table 1, 
without corresponding values in Howells’s data, have 
been calculated probably for the first time. In 22 
pairs, the eye colour, classified as light (blue, grey) 
and dark (all other shades), is similar (vy? = 4°57; 
P = <0-05). But for hair colour there is no fraternal 
similarity. 

EvuGENE SCHREIDER 

Laboratoire d’Anthropologie Physique, 

1 rue René-Panhard, Paris, 13. 
! Pearson, K., and Lee, A., Biometrika, 2, 357 (1903). Howells, W., 
Amer. J. Phys. Anthropol., 6, 449 (1948). Bowies (1932), quoted 


A Tanner, J. M., in Clinical Genetics, edit. by Sorsby, A., 
160 (Butterworth, London, 1953). 


Goblet Cells in the Swim Bladder of 
Ophiocephalus striatus (Bloch) 


DurinG investigations on the mechanism of gas 
secretion by the gas gland epithelium in the swim 
bladder of teleosts, a preliminary investigation 
was made of the histology and histochemistry of 
the gas gland to identify the types of cells which are 
involved in the secretion of gases. 

Adult Ophiocephalus striatus were caught as and 
when required and stunned by a blow on the head and 
the swim bladder rapidly dissected out and fixed in 
Zenker’s, Helly’s and Champy’s fluids, a saturated 
solution of mercuric chloride in 70 per cent alcohol with 
2-5 per cent potassium dichromate, a mixture of equal 
parts of saturated aqueous mercuric chloride and 
2-5 per cent aqueous potassium dichromate, and a 
solution of equal volumes of 8 per cent aqueous basic 
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striatus 


Swim bladder epithelium of Ophiocephalus 
Fixed in saturated mercurie chloride with 2-5 per 
cent potassium dichromate and stained with Bensley’s neutral 


Fig. 1. 
(x 970). 


mtian. Note along the border of the epithelium rounded, 
leeply stained cells with thick striations in the cytoplasm. 
The very dark bodies are blood cells 


lead acetate and 16 per cent formalin. They were 
washed, dehydrated and embedded in paraffin as 
usual. Sections 2-6. thick were stained with hema- 
toxylin-eosin, Mann's stain, rapid phloxine-methylene 
blue, Bensley’s neutral gentian and Delafield’s 
hematoxylin. 

These stains revealed a type of cell which is 
different from the main types of cells found in the 
swim bladder epithelium. This type of celi is found 
only towards the lumen of the bladder and is seen 
distinctly as a one-cell border in places where the 
cells are present in large numbers (Fig. 1). They are 
not seen in the depths of the glandular mass. In the 
region of the main glandular mass these cells are 
relatively less numerous but more abundant where the 
epithelium is thin. 

The cells are usually rounded or ovoid and similar 
to goblet cells seen elsewhere. The nucleus is seen 
pushed to the base of the cell away from the lumen. 
In all the stains used the nucleus has taken a blue 
colour. Clear cytoplasm is seen just around the 
nucleus and above this is the condensed matter with 
very fine granules filling almost the entire cell. In 
some cells the condensed matter appeared to be 
crescentic. The space around these cells is clear of 
stain. In the rapid-phloxine methylene-blue stain the 
cytoplasm of the cell is stained a bright pink. In 
sections stained with Mann’s stain these cells have 
taken less eosin than the main glandular mass 
adjacent to them. The condensed matter is stained 
violet with Bensley’s neutral gentian, and often a 
clear border is present between the condensed matter 
and the cell wall. In some cells, probably spent ones, 
there can be seen violet round bodies, while in many 
others violet striations along the long axis are seen 
in addition. In the slides stained with hematoxylin- 
eosin, only a slight difference is seen in the staining 
between these cells and the rest of the gland cells. 

These cells resemble the goblet cells seen in the 
epithelial lining of the intestines. Hence some 


sections were stained in 0-1 per cent toluidine blue in 
1 per cent alcohol and others in 0-1 per cent toluidine 
blue in 30 per cent alcohol and some others in 0-2 per 
cent Ehrlich thionin for mucoproteins. There was no 
metachromasia in the cells of the swim bladder 
epithelium while there was well-marked meta- 
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chromatic staining of the intestinal goblet cells whic, 
was more pronounced with the dye made in 30 per cent 
alcohol and still better in the thionin. Cells similar to 
those observed have not been described by previoys 
workers on the fish swim bladder. George', who 
hes studied the swim bladder epithelium of fou 
species of Ophiocephalus, fails to mention their 
occurrence. Such cells have, however, been described 
in the alimentary tract of Labeo by Girgis? and in the 
epithelium of the accessory respiratory organs of 
Clarias, including the air chamber, by Moussa’. Their 
function is that of secreting mucin, and so it seems 
quite likely that the cells seen in the swim bladder 
also have a mucus-secreting function. It is evident, 
however, that there is some qualitative difference in 
the products of secretion produced by the cells 
described here and those occurring in the intestinal 
mucosa. 

In the swim bladder of Gadus morhua “‘a copius 
secretion of a viscid, slimy opaque material” has been 
described by Vincents and Barnes‘. Fange® worked 
on this material and he says “‘that very probably the 
secretory product discovered by Vincents and Barney 
in some way originates from vacuoles of the gas gland 
cells”. He has not, however, identified any particular 
type of cell causing this secretion. The presence of g 
stimy secretion in the lumen of the swim bladder 
has been reported by many other workers also, 
Scholander* notes that the bubbles of gas are secreted 
into the mucus covering the gland. The mucus may, 
therefore, have a very important function with 
reference to gas secretion. It is also quite likely that 
there has been some confusion in the material 
examined by these workers as they think that these 
secretions are in the nature of myelin and related to 
the secretory vacuoles. Vacuoles and granules have 
also been observed in the gas gland of this fish in the 
cytoplasm of the main type of cells; but no vacuoles 
have been seen in the cells described here. The 
vacuoles of the gland cells are probably related to the 
gas-secreting activity of the gland. Thus the cells 
described here seem to be different in function and to 
be responsible for a mucoid secretion. Further work is 
progressing under the supervision of Prof. C. M. 
Francis, of this College. 
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Natural Occurrence of Leptospira 
icterohemorrhagiz in the Eastern Grey 
Fox and the Eastern Raccoon 


Previous investigations of wild life in the United 
States have established the grey fox and the raccoon 
as natural hosts of leptospires. Leptospira ballum', 
L. australis A*, and L grippotyphosa*® have been 
isolated from the grey fox. Leptospira ballum’, L. 
pomona', L. australis A*, L. grippotyphosa’, L. 
autumnalis*, and L. mini-Georgia® have been isolated 
from the raccoon. ; 

This communication concerns the first isolations 2 
the United States of L. icterohemorrhagie from th 
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No. 4809 
Table 1. LEPTOSPIRAL ISOLATIONS FROM KIDNEY SUSPENSIONS 
Animal Day growth detected Mediums supporting growth 
Grey fox—38 Day 12 post-inoculated Semi-solid Fletcher—horse; 
semi-solid Chang’s—horse 
Raccoon—7 Day 5 post-inoculated Semi-solid Fletcher—horse 
Raccoon—76 Day 12 post-inoculated Semi-solid Chang’s—horse 
and rabbit; 10-* diluted 
semi-solid Fletcher—rabbit 
Raccoon—80 Day 8 post-inoculated Semi-solid Fletcher—horse; 


semi-solid Chang’s—horse; 
10-* and 10-* diluted semi- 
solid Fletcher—rabbit 


eastern grey fox and the eastern raccoon. The 
isolations were made during the course of an epizootio- 
logical investigation of leptospirosis in Pennsylvania 
wild-life. 

The species of wild-life investigated were caught in 
No. 2 coil spring steel traps. Specimens were removed 
alive from the traps and transported to the School of 
Veterinary Medicine, University of Pennsylvania. 
On arrival at the Laboratory, the animals were 
asphyxiated in a carbon monoxide chamber. Blood 
specimens for serological testing were collected and a 
portion of one kidney was removed aseptically from 
each animal. 

Each kidney specimen was ground with sterile 
mortar and pestle and diluted to a 10 per cent 
suspension with Stuart’s liquid medium base (Difco). 
One to three drops of the suspension were inoculated 
into one tube of each of the following media: 
Fletcher’s semi-solid medium (Difco) with 10 per 
cent rabbit serum, Fletcher’s semi-solid medium with 
15 per cent horse serum, Chang’s semi-solid medium 
with 15 per cent horse serum, and Stuart’s semi- 
solid medium’ with 10 per cent rabbit serum. 

Serial ten-fold dilutions of the kidney suspension 
were made, with Stuart’s liquid medium base, to 
approximately 10-' to 10-° final dilutions. One 
to two drops of each dilution were inoculated into a 
tube of Fletcher’s semi-solid medium with 10 per cent 
rabbit serum. All inoculated mediums were incubated 
at 29° C. and examined by dark-field microscopy at 
10-14-day intervals. Culture results are summarized 
in Table 1. 

Sub-cultures of media containing growth of 
Leptospires were made into Fletcher’s semi-solid 
medium with 10 per cent rabbit serum and Stuart’s 
liquid medium with 1@ per cent rabbit serum. Sub- 
cultures of each isolate were sent to the World Health 
Organization Reference Laboratory for Leptospirosis, 
Walter Reed Army Medical Center, Washington, 
D.C., and to the Leptospirosis Unit, Animal Disease 
Eradication Division, Ames, Iowa, where they were 
identified as L. icteroheemorrhagie. 

Microscopic agglutinetion tests were conducted 

on serum specimens collected from each animal 
at the time of culturing using an antigen bank of 
eleven leptospiral serotypes: L. bataviae, L. 
L. autumnalis, L. ballum, L. canicola, L. icterohasmor- 
rhagie, L. alexi, L. grippotyphosa, L. australis A, L. 
sejroe and L. hyos. Test results are summarized in 
Table 2. 

Dr. Clark and Mr. Kresse are on assignment from 
Laboratory Services, Animal Disease Eradication 
Division, Agricultural Research Service, United 
States Department of Agriculture. 
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Synergid Haustoria of Quinchamalium 
chilense Lam. 


DECAISNE! pointed out that in Santalum album, 
Nanodea, Myoschilos, Osyris and more obscurely in 
Quinchamalium, the tip of the embryo sac extends 
beyond the ovule into the ovarian cavity. The 
present account is based on an investigation of 
Quinchamalium chilense, a native of the South 
American Andes. 

The ovary is inferior with a free-central placental] 
column, bearing three hemianatropous, unitegmic 
ovules, the nucellus being reduced to one or two 
epidermal cells capping the megaspore mother cell. 
The thick integument does not grow beyond the 
nucellus and thus a micropyle is not formed. The 
embryo sac is of the Polygonum type and extends 
beyond the ovular epidermis at the 4-nucleate stage. 
At maturity it comprises the egg apparatus, two 
polar, and three antipodal nuclei. The latter are 
separated from the rest of the embryo sac by a wall, 
but do not become organized into individual cells. 

In most of the Santalaceae, the synergids are 
inconspicuous, have small nuclei, and degenerate 
before or soon after fertilization. In Q. chilense, on 
the contrary, they are unusually large and pear- 
shaped with prominent nuclei. Even in unpollinated 
flowers they protrude beyond the embryo sac (Fig. la) 
and eventually extremely long (approximately 
1,200u) tubular structures reaching up to one-third 
the length of the style are formed (Fig. 1b). These 
are densely cytoplasmic and sometimes persist until 
the endosperm has become quite massive. Dahlgren*® 
has recorded that in some members of the Compositae, 
namely, Calendula arvensis, Mutisia candolleana and 
Ursinia anthemoides, the tips of the synergids extend 
into the micropyle and even beyond it, sometimes 
reaching as far as the funiculus. Paliwel’s* obser- 
vation that in Santalum album dichotomously 
branched synergid haustoria develop after fertiliza- 
tion has been contradicted by Bhatnagar‘. The 


Table 2. MICROSCOPIO AGGLUTINATION TITRES OF SERUM SAMPLES OBTAINED AT THE SAME TIME AS KIDNEYS WERE CULTURED 


Leptospiral 

Animal Bat. Pom. Autum. Bal. Canicola _Ieter Alexi Grippo. Aust. A Sejroe Hyos 
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Fig. 1. a, Longisection of base of flower showing floral parts 
and extension of synergid and antipodal haustoria (x 40); semi- 
diagrammatic enlargement of la to show the details of embryo 
sac in relation to ovary and style (x 124); ¢, whole mount of 
embryo sac showing the synergid and antipodal haustoria 
(= 262). anh, Anti 1 haustorium; d, disk; iow, inner ovary 
wall; ov, ovule; ple, placental column; st, style; sy, synergid; 
syh, synergid haustorium 


latter author has pointed out that in this plant the 
synergids degenerate soon after fertilization and that 
Paliwal had mistaken the persistent pollen tubes 
which *-main adhering to the embryo sac (see also 
Griffith®:*) for synergid haustoria. Thus, Quin- 
chamalium has perhaps the longest synergid haustoria 
so far known in any angiosperm. 

In addition to very long and conspicuous synergid 
haustoria Quinchamalium chilense also shows a much- 
branched antipodal haustorium. As mentioned 
earlier, the antipodal nuclei do not become organized 
into cells. Instead, they enlarge, become hypertro- 
phied and multinucleolate and may even divide. 
Later the chalazal end of the embryo sac extends as 
far as the placental column and branches profusely 
(Fig. le). These branches ramify into the placental 
tissue in the vicinity of the vascular supply. In the 
Santalaceae an extension of the chalazal end of the 
embryo sac into a cecum leaving the antipodal cells 
in situ is a common feature. In Quinchamalium the 
antipodal nuclei are carried at the tip of the haustor- 
ium until it branches (Fig. lc). The activity of the 
synergid and antipodal haustoria declines with the 
progressive development of the endosperm. 

The embryology of other species of Quinchamalium 
and allied genera, namely, Arjona and Myoschilos, is 
as yet unknown and it would be worth while to investi- 
gate them to ascertain if prominent synergid haustoria 
develop in these plants also. 

I shall be grateful if botanists could help me in 
procuring the preserved materials of all stages of buds, 
flowers and fruits of different species of Arjona and 
Myoschilos. 

I am indebted to Dr. B. M. Johri and Prof. P. 
Maheshwari for guidance. Thanks are also due to 
Dr. S. P. Bhatnagar for comments, to Mr. V. Garcia, 
University of Buenos Aires, Argentina, now working 
at the University of Delhi, for providing the material, 


and to the Council of Scientific and Industria) 
Research for financial assistance. 
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Relation between Organophosphorus. 
Resistance and Non-Diapause in Spider 
Mites 
As has been shown by Lees', the females of 
Tetranychus urticae enter into diapause under the 
influence of a short-day treatment during their 
development. High temperatures tend to prevent 

diapause even if the photoperiod is short. 
An investigation into the diapause-pattern of 


several spider mite populations originating from ‘ 


places in different countries (the Netherlands, 
Belgium and Germany) proved that the critical ares 
of the diapause-pattern of seven populations was 
significantly smaller than may be expected. Only 
four populations showed a diapause-pattern in 
accordance with the data of Lees. 

In work on the susceptibility of the populations to 
organophosphorus compounds it appeared that the 
seven populations with the deviating diapause. 
pattern were organophosphorus-resistant; the four 


100 


Percentage diapause 


Percentage diapause 


Photoperiod, hours of light per 24 hr. 


Fig. 1. The effect of photoperiod on the incidence of diapause 

in two populations of Tetranychus urticae. The dotted line repre- 

sents an organophosphorus-resistant population, the continuous 
line a susceptible population 
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ulations with a normal diapause-pattern showed a 
high susceptibility to organophosphorus compounds. 

Fig. 1 shows the difference in diapause-pattern 
between a susceptible and an organophosphorus- 
resistant population. At 20° C. a régime of short 
photoperiods evoked only a small percentage of 
diapause forms in the resistant population. At 15° C. 
resistant mites entered into diapause, but the per- 
centage of diapause forms was significantly lower 
with the resistant population than with the suscep- 
tible one. 
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Effect of Copper Deficiency in White 
Clover on Nitrogen Fixation 


In view of a recent report by Hallsworth ez al.' that 
copper stimulates nitrogen fixation by subterranean 
clover (Trifolium subterraneum), the following evi- 
dence from a field trial is presented as indicating a 
similar function of copper in nitrogen fixation by 
white clover (7'. repens). 

White clover was dissected from mixed herbage 
samples taken on November 27, 1956, from a rates of 
copper trial conducted by one of us (F. H. v.d. E.) 
on & pasture recently established on raw peat on the 
Moanatuatua swamp. The samples were analysed 
for copper and total nitrogen contents. 

Many clover plants in the control plots showed 
characteristic copper deficiency symptoms—die-back 
with bleaching of the margins and rolling and collapse 
of the leaflets. The samples analysed were apparently 
healthy whole leaves (leaflets plus petioles). 


Table 1. YIELDS OF MIXED HERBAGE AND COPPER- AND NITROGEN- 
LEVELS IN WHITE CLOVER 


Dry matter yield Copper Nitrogen 
Treatment (ib. peracre) (p.p.m.indry (percentage in 
(Spring 1956) matter) dry matter) 

Control 2,090 2-5 4°25 

5 Ib. Bluestone 3,330 3-6 

10 Ib. Bluestone 13,410 40 4°94 

20 lb. Bluestone 3,540 6-6 5°05 

40 Ib, Bluestone 3,520 7-2 5-00 
86 Ib. Bluestone 520 8-2 5-03 
Significant 5% 350 0-78 0-16 
differences 1% 470 1-05 0-21 


The copper treatments resulted not only in increased 
growth of white clover and elimination of deficiency 
symptoms, but also in significantly higher concentra- 
tions of total nitrogen. Incubation tests of the peat 
soil with copper additions failed to demonstrate any 
increase in mineral nitrogen-levels. The clover 
nitrogen-levels in the controls were relatively low for 
succulent spring growth under local conditions, but 
normal in the copper-treated plants. The presence of 
copper deficiency symptoms together with low nitro- 
gen- and very low copper-levels suggests that the 
increases in nitrogen concentrations in the clovers 
were due to a specific effect of copper on nitrogen 
fixation by white clover. 

F. H. van DER ELst 
K. J. McNaveut 
W. F. 


Rukuhia Soil Research Station, 
Hamilton, New Zealand. 


*Hallsworth, E. G., Wilson, 8. B., and Greenwood, E. A. N., Nature, 
187, 79 (1960). 
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Limitations of the Periodic Acid—Schiff 
Technique for the Demonstration of 
Stages of Eimeria in Tissues 


In a recent communication, Jennings! suggested 
that the periodic acid—Schiff technique is useful for 
the demonstration of all stages in the life-cycles of 
four species of coccidia occurring in the intestine of 
the fowl. These species were Eimeria acervulina, 
E. maxima, E. necatrix and E. tenella. 

The periodic acid—Schiff technique was first 
applied to Himeria by Lillie*, who obtained positive 
reactions in the cytoplasm of oocysts of Z. stiedae 
from the rabbit. More recently, this technique was 
used by Cheissin® on HZ. magna, E. media and LE. 
intestinalis from the rabbit, Pattillo and Becker‘ on 
E. acervulina and E. brunetti from fowls, Gill and 
Ray® and Tsumoda and Itikawa® on E£. tenella from 
fowls. These authors all failed to obtain positive 
reactions by the periodic acid—Schiff technique with 
some stages of these life-cycles. Cheissin found that 
isolated microgametes were negative and that micro- 
gametocytes gave only an insignificant reaction. 
Pattillo and Becker obtained no positive reactions 
using the Hotchkiss’ periodic acid—Schiff technique 
with the microgametocytes and schizonts of both 
E. acervulina and E. brunetti, although the merozoites 
of EZ. acervulina gave a weak reaction. Developing 
macrogametocytes were often negative. 


Fig. 1. Section of smalj intestine infected with Z. mazima and 

fixed in formol saline; stained = Hotchkiss periodic acid-Schiff 

technique and counter-stained with hemalum. Note the intense 

staining of the ‘plastic granules’ (G) in the macrogametes and 

oocyst wall (O). The microgametocytes and microgametes (M) 

have stained with the hemalum but not with the periodic acid- 
Schiff reagent. (x 525) 


Fig. 2. Section of small intestine infected with Z. maxima and 
fixed with Bouin’s fluid; stained by Hotchkiss periodic acid - 
Schiff technique and counter-stained with hemalum. Note the 
lack of preservation of the plastic granules in the macrogametes 
(G@); the microgametocytes and microgametes (M) have stained 
with the hemalum, but not beat} periodic acid-Schiff reagent. 
x 
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In our experience, the invading sporozoites and 
merozoites of H. tenella give only weak reactions and 
consequently the technique is of little value in 
demonstrating these stages in tissues. Long and 
Rootes*, using the Hotchkiss periodic acid—Schiff 
technique, showed that the reactions of the prominent 
so-called ‘plastic granules’ of the macrogameties de- 
pend on the type of fixative used (see Figs. 1 and 
2). According to Pattillo and Becker, these granules 
probably consist of a protein—carbohydrate com- 
plex, which is unaffected by pre-treatment with 
saliva or «-amylasre. Fixation with Bouin’s fluid fails 
to preserve these granules, and negative results are 
obtained with the periodic acid-Schiff technique 
although there is no interference with the staining 
of the glycogen in the cytoplasm. For these reasons 
the pericdic acid—Schiff reaction is not an appro- 
priate technique for the demonstration of all stages 
of the life-cycles of Himeria, and when used on 
sections of very heavily parasitized intestinal tissue, 
large amounts of mucus giving a positive reaction 
with the periodic acid—Schiff technique may mask 
the parasites. The same difficulty may be encountered 
when the technique is applied to sections of rabbit 
liver containing trophozoites and smull stages of the 
asexual and sexual cycles of EZ. stiedae, because of 
the possible masking effect of the stained liver 
glycogen. 

P. L. Lone 
D. G. Roorrs 
C. Horton-Smirx 


Houghton Poultry Research Station, 
Houghton, 
Huntingdo 2. 

Jennings, J. B., Nature, 192, 473 (1961). 

* Lillie, R. D., J. Lab, Clin, Med., 32, 76 (1947). 

*Cheissin, E., Arch. Protistenk., 102, 265 (1958); Proc. Fifteenth 
Int. Cong. Zoology, Sect. 9, 713 (1958). 

* Pattillo, W. H., and Becker, BE. R., J. Morph., 96, 61 (1955). 

* Gill, B. S., and Ray, H. N., Ind. J. Vet. Sci., 24, 223 and 229 (1954). 
Ray, H. N., and Gill, B. 8., ibid., 25, 17 (1955). 

*Tsumoda, K., and Itikawa, O0., Government Experimental Station 
for Animal Hygiene, Japan, Exp. Rep. 29, 73 (1955). 

" Hotchkiss, R. D., Arch. Biochem., 16, 131 (1948). 

® om, P. L., and Rootes, D. G., Trans. Roy. Soc. Trop. Med. Hyg., 

, 308 (1959). 


CYTOLOGY 


Identification of the Chromosome 
Complements of New-born and Adult 
Living Mice 


CHROMOSOME abnormalities similar to those known 
in man are now being found in mice'. Identification 
of the chromosome complement of these mice in cells 
from bone marrow® or corneal epithelium’ involved 
the death of the animals. The advantage in identi- 
fying the chromosome complement of living mice is 
obvious, and the present communication describes 
techniques to achieve this in new-born and in adult 
mice, chiefly by the use of primary outgrowths of cells 
from pieces of tissue cultured in vitro. 

The chromosomes complement of new-born mice 
aged 1-3 days has beon identified in cells from small 
pieces of tail. Loss of their tail-end does not obviously 
affect the development of these mice. Attempts to 
obtain cells in mitosis for chromosome counts directly 
from the tail-pieces were not uniformly successful, 
hence the pieces have been cultured in vitro. Before 
removal from the mouse, the tail-ends are washed ina 
mixture of alcohol and ether; this serves as a partial 
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anesthetic and to clean the tails. The excised taj. 
ends are then washed in Gey’s solution containj 
mycostatin, penicillin and streptomycin, cut int 
four or five small pieces, and mounted separately jn 
tiny plasma clots on a 3/4 in. cover-slip. The cover. 
slip is inverted in a cavity cell, and growth mediun 
is added. Antibiotics and mycostatin are necessary to 
keep down bacteria and fungi respectively. Initially 
Gey’s solution containing 15 per cent calf serum, 3 
per cent chick embryo extract, and 0-5 per cent 
lactalbumin hydrolysate was used as the growth 
medium, but this was later superseded by medium 199 
(Glaxo Laboratories), plus 15 per cent calf serum, 
The medium is changed every other day, and 4jj 
cavity cells are gassed with 5 per cent carbon 
dioxide. 

Cells emerge from the grafts within one or two days 
(Fig. 1). After 4-5 days, the cell monolayer in many 
of the cultures is ready for cytological preparation, 
The small pieces of tail, still easily recognizable, ar 
gently pulled off the cover-slip with least disturbance 
to the cell monolayer, and are re-embedded in tiny 
plasma clots on another cover-slip to servo as 4 
reserve if needed. The cover-slip containing the cel] 
monolayer is then re-inverted into the growth 
solution and treated for chromosome processing in § 
manner similar to that described in ref. 4: ‘Colcemid’ 
(Ciba Pharmaceuticals) at a concentration of 0-25- 
0-50 ugm./ml. for 2 hr., hypotonic saline for 15 min., 
and fixation in 45 per cent acetic acid. In practice, 
after removal of the growth medium ‘Colcemid’ 
mixture, 1 ml. saline is placed in the cavity cell, 2-5 ml. 
distilled water is added dropwise, and the acetie acid 
added slowly 15 min. later. This concentration of 
hypotonic saline, and the gradual addition of water 
and fixative, were found to give good spreading of the 
chromosomes with minimal cell breakage. After 
fixation, the cells were dried in air and stained by the 
Feulgen technique. 

Mitoses are found in the great majority of the 
preparations. The clarity of many mitoses is sufficient 
to coviat the chromosomes easily (Fig. 2), and more 
than thirty of them can be selected in some cultures. 
If this number is not available, or if more are required, 
the reserve culture is available a few days later. The 
mitotic index is especially high in cultures fixed 
10-11 hr. after change of growth medium. Details of 
the counts on mitoses in six tails are given in Table 1. 
Almost all were diploid; a few wore found with less 
than the diploid number, and were presumably 
result of coll breakage. The technique obviously 
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Fig. 1. Growth from a “7 ¢. = after 3 days in culture. 
x 99 
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Fig. 2. Diploid mitosis from a tail culture. (x 756) 


permits a fairly rapid identification of the chromo- 
some complement of new-born mice, and twenty-two 
such mice have recently been examined here using an 
arbitrary limit of twelve clear mitoses for classifica- 
tion. Thirteen were classified within 5 days, six 
others within 7 days, and two more after 10 days; the 
last culture was lost through bacterial contamination. 


Table 1. CHROMOSOME COUNTS ON CELLS IN CUTGROWTHS FROM 
TAIL-TIP AND EAR-CLIP CULTURES 


No. of mitoses Chromosome counts 
Tissue examined 31 33 39 40 
Tail 68 1 2 65 
Ear 45 1 1 43 


Table 2. GROWTH FROM EAR CULTURES 


Proportion Mean interval (days) until: 
of successful First appearance Ready for 
Ear tissue cultures after of fibroblasts processing 

12 days 
Normal 7/10 74+ 03 14-5 + 08 
Regenerating for 2 days 13/13 3°6 + 0-2 9-6 + 0-6 
Regenerating for 4 days 11/12 3-4 + 03 10-2 + O-4 


The chromosomes of adult mice were also counted in 
cells grown in vitro. Mitotic cells can be obtained 
directly from mice by partial splenectomy, but such 
an operation is often undesirable. Pieces of skin are 
not very suitable for obtaining cell outgrowths; 
growth is very slow or absent, and bacterial and fungal 
infections are frequent. Small pieces clipped from the 
ears produce a better growth. The most successful 
method is to make a small cut in the ear of the mouse 
and, 2 or 4 days later, remove small pieces containing 
the regenerating tissue. Cells now emigrate from the 
car tissue much sooner (Table 2), and the cell mono- 
layer can be processed for chromosome counts 
after approximately 10-15 days. Details of the counts 
made on four ear cultures are given in Table 2. The 
technique clearly serves to obtain an indication of the 
chromosome complement of the adult mouse with the 
minimum of discomfort to the animal. 


R. G. Epwarps 


Division of Experimental Biology, 
National Institute 
for Medical Research, 
Mill Hill, London, N.W.7. 

?Welshons, W. J., and Russell, L. B., Proc. U.S. Nat. Acad. Sci., 

45, 560 (1959). Cattanach, B. M., Genet. Res. Camb.,2, 156 (1961), 
*Ford, C. E., and Hamerton, J. L., Stain Tech., $1, 247 (1956). 
*Fechheimer, N. S., Nature, 188, 247 (1960). 


‘Hsu, T. C., and Klatt, 0., J. Nat. Cancer Inst.. 21, 487 (1958). 
Rothfels, K. H., and Siminovitch, L., Stain Tech., 38, 73 (1958). 
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A Heterocaryon possessing Haploid 
and Diploid Nuclei 


In general, a heterocaryon between a white and a 
yellow mutant of Aspergillus fungi gives rise to white, 
yellow, and green progeny. It was found recently, 
however, that five heterocary*:.» produced between 
two of the seven colour mutans of A. sojae strain 
K could give brown progeny besides the white, 
yellow, and green. Evidence that the brown strain 
appears to be a heterocaryon possessing haploid 
and diploid nuclei in a common cytoplasm is to be 
described. 

Among the five Feterocaryons, a heterocaryon 
between a white histidineless mutant and a yellow 
leucineless mutant was investigated extensively. The 
heterocaryon was produced by the method reported 
in ref. 1. When conidia of this heterocaryon were 
plated on minimal medium (Czapek agar), there 
appeared four kinds of colonies, namely, white 12, 
brown 6, green 10, and heterocaryotic colonies 4,410. 
Eight of the heterocaryotic colonies had brown 
sectors. 

A conidial suspension prepared from a whole brown 
colony, in which more than 90 per cent of conidia 
were single, was spread on complete medium (Koji 
extract agar), and the conidial colour and nutritional 
requirement of each colony were examined after one 
week. In approximately one thousand colonies, 84 
per cent were yellow, 13 per cent brown, and 3 per 
cent green. Using one of the brown colonies thus 
obtained, plating was done again on the complete 
medium. Results are shown in Table 1 together with 
the results of the third experiment. It is noteworthy 
that no white colony was found among the conidia of 
the brown strains. In addition, the yellow colonies 
were dependent on leucine and the brown and the 
green colonies were prototrophic. In contrast with 
this, for normal heterocaryons there was no green 
colony, so far as was tested, although they gave 
white, yellow, and heterocaryotic colonies (Table 1). 


Table 1. PATTERN OF SEGREGATION OF THE BROWN STRAINS AND 
NORMAL HETEROCARYONS 


Brown strain Normal heterocaryon 


Segregation No. of Segregation No. of 
No.of ratios(percent) colonies ratios (per cent) colonies 
transfer W Y G@ examined W Y X G_ examined 
1 0 84 18 3 1,100 44 43 13 O 1,680 
2 0 88 #9 3 1,010 41 48 11 O 986 
3 0 87 12 #1 1,166 40 50 10 0O 802 


W, White histidineless; Y, yellow leucineless; XY, heterocaryotic 
prototroph; G, green prototroph; and B, brown prototroph. 


In order to estimate ploidy of the yellow and the 
green segregants, numbers of nuclei/conidium were 
examined by the method described in ref. 2. Results 
were that the yellow conidium contains on the 
average 3-5 nuclei and the green conidium 1-7. These 
values approximate tu those in a haploid (3-5) and a 
heterozygous diploid conidium (1-6) which was 
produced by the authentic method?:*. Moreover, the 
yellow clone was stable, and the green clone gave 
white and yellow progeny after a long cultivation. 
The appearance of white progeny from the green 
strain might be due to either somatic recombination 
or reduction’. It is concluded, therefore, that the 
nuclei in yellow conidia are haploid and the nuclei in 
green conidia diploid. 

It is known that a white haploid nucleus and a 
yellow haploid nucleus in a heterocaryotic cell can 
conjugate under natural conditions to form a hetero- 
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zygous diploid nucleus which develops green colour. 
In the heterocaryon described before (the original 
heterocaryon), it seems that the diploid nuclei are 
seldom segregated and transmitted to progeny to- 
gether with the yellow nuclei. The resulting progeny 
are brown. Because a single conidium of the brown 
strain gives rise to yeilow and green progeny, the 
conidium is considered to be a heterocaryon possessing 
both haploid and diploid nuclei. The average number 
of nuclei in a brown conidium is about 3-0. 

CuryoKo TAKEICHI 

Yonosuke IKEDA 


Institute of Applied Microbiology, 
University of Tokyo. 
and Sakaguchi, K., J. Gen. and App. Microbdiol., 2, 345 
8 a C., and Sakaguchi, K., J. Gen. and App. Microbdiol., 1, 283 
° Ishitani, C., Uchida, K., and Ikeda, Y., Exp. Cell Res., 10, 737 
90). 


* Ishitani, C., Ikeda, Y., and Sakaguchi, K., J. Gen. and App. Micro- 
bdiol., 2, 401 (1956). 
* Pontecorvo, G., Adv. in Genetics, 5, 141 (1953). 


ANTHROPOLOGY 


Possible Origin of the Use of Fire by 
Early Man 


THOUGH many animals can become accustomed to 
the presence of fire, man alone has learned to produce, 
to maintain and to control it. However, this achieve- 
ment is not peculiar to Homo sapiens. Fire was known 
also to Homo neanderthalensis and Pithecanthropus 
pekinensis'. From the study of fire-myths and the 
cultures of primitive races, it is usually presumed 
that fire was first obtained from such natural sources 
as volcanoes, bush fires, lightning, sparks struck 
from stones, or dry branches rubbing together in 
the wind’. Myths, however, are not necessarily 
reliable as guides to the distant past, while the reac- 
tion of animals, even of modern man, to volcanoes 
and forest fires is one of terror. Even when fear has 
been mastered, the practical difficulties of obtaining 
fire from these sources are still immense. Natural 
production of fire by friction or percussion is too rare 
to be readily observed by members of a small and 
scattered population. 

An alternative to present theories is that use of fire 
itself is secondary to use of heat derived from bacterial 
decomposition of plant material. The heat produced 
by a haystack or compost heap is a matter of common 
knowledge. This heat may well become great enough 
to result in fire. Since many animals use as beds 
piled and trampled grasses, early man may well have 
slept in a similar manner. Individuals leading a 
purely nomadic existence would not use their bedding 
heaps sufficiently long for the warmth of decay to 
become apparent, but so soon as a more settled mode 
of life was adopted bacterial decay of the bedding 
could become important. Accumulation of sun-dried 
vegetation in a bed, perhaps a communal one, could 
lead to the ‘compost heap’ situation, presenting 
man with a small-scale source of heat. At first this 
would merely increase the temperature of his bed; 
later it might lead to the idea of the peat fire or even 
of earth-oven cooking. Occasionally, no doubt, such 
beds would burst into flame, providing at once the 
source and the idea of a blazing fire. On this theory, 
other means of fire-production can be regarded as 
being developed at a much later period, either from 
observation of natural events or as a by-product 


of chipping and grinding processes in toolmaking 
industries. 

There can be no direct evidence for any theory, 
of the origin of the use of fire, but it seems ng 
unreasonable to regard the awe-inspiring characte 
of natural fires and the rarity of small-scale fi, 
production in Nature as militating against ‘ 
ance of present theories. In contrast, heat or flam. 
produced by the method here suggested would be 
at most, only mildly startling, while the care accorded 
by some primitive races to their existing fires coulj 
be interpreted as deriving from a period when a 


active compost heap was a most precious family 


possession. The ‘compost heap’ theory would als 
allow for widespread discovery of the use of fire by 
early man, even in regions where natural source 
of fire were not available. 


Bede College, D. C. ARNOLD 
Durham. 

' Handbook on Evolution (British Museum, London, 1958), 

* Graves, H. G., J. Asiatic Soc. Bengal, 12, 1 (1916). 

* Hough, W., Bull. U.S., Nat. Mus., 139, 1 (1926). 

* Huntingdon, E., article on “Fire” in Encyclopedia Britannica (1959), 

8 Late R. F, (trans.), Lucretius: the Nature of the Universe (London, 


PSYCHOLOGY 


Validity of Prediction based on Cross. 
Sectional Analysis 


CROSS-SECTIONAL analysis, by means of which is 
investigated the behaviour of @ cross-section of the 
population at a given point in time, is a convenient 
method in many fields of research where age or 
maturational differences are of interest. Implicit in 
the findings of such investigations are predictions 
about the future behaviour of the groups concerned. 
Such predictions are, however, based on the assump. 
tion that the behavioural differences between group 
are due to the age differences involved, and that 
future age changes will bring about similar behavioural 
differences. The fallibility of such predictions in th 
field of demography has been pointed out. This 
investigation is aimed at checking similar findings in 
the field of absence behaviour in an_ industrial 
situation. 

The absence records of a group of 140 continuow 


service men engaged on manual work in an engineering | 


firm during the period 1949-58 formed the material 
of the investigation. The sample was divided into 
four age-groups, each covering an approximate 
10-yr. span, so that the median age of one group a 
the end of the period was approximately equal to that 
of the next oldest group at the beginning of the period. 
The records for each group were first analysed cross- 
sectionally for a 2-yr. period 1949-50, and the same 
groups were then followed longitudinally for a further 
8 years. Two measures of absence were used in the 
analysis: (a) the number of occasions of absence, and 
(b) the average length of absences. The data wer 
divided into five 2-yr. periods. The results for the 
first and last of these periods are summarized in 
Tables 1 and 2. 

For the length of certified sickness absence (Table 
2), the cross-sectional analysis based on the 1949-5) 
data shows a sharp increase in the length of absence 
for the oldest group. This agrees with the findings of 
previous investigators, for example, ref. 2. Th 
prediction from this finding would be that, as age 
increased, group 3 would show a similar increase 2 
length of sickness absence, and an examination of the 
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1949-50 1957-58 

No. and a No. 
edian Average percentage Average percentage 

at No.of ofmen No.of of men 

gromp 1/1/49 absences withO absences with 0 
perman absences perman absences 

23 2-35 3 (15) 2-75 3 15 

3 34 40 1-18 18 (53) 1-71 14 (41 

4 85 51 1-63 15 (43) 1-49 15 (43) 


Table 2. LENGTH OF CERTIFIED SICKNESS ABSENCES 
1949-50 1957-58 


Percentage Percentage 


Median Average of absences Average of absences 
3 ap ageat lengthof lasting length of lasting 
1/1/49 absence morethan absence more than 
(days) 2 weeks (days) 2 weeks 
1 20 23 7°43 14 3-83 0 
9 61 31 7-65 18 7-47 13 
3 $4 40 7-82 18 13-12 53 
4 35 51 14-22 67 12°64 55 
= 140 35 9-9 34 10-9 41 


data for the end of the period (1957-58) shows that 
such an increase has, in fact, occurred. In this case 
the longitudinal method supports the findings of the 
cross-sectional method, making it probable that this is 
a true ageing offect. 

In the case of frequency of absence (Table 1) this 
is not so. The cross-sectional analysis (1949-50) 
shows the youngest group to have a frequency of 
absence for reasons other than sickness higher than the 
other groups. Similar findings by other investigators 
are reported’. On this basis one would expect their 
absences to become less frequent as they grew older, 
but the desa for the end of the period show that this 
has not happened and that their absence frequency 
has, in fact, increased relative to the average. The 
higher absence frequency of this group seems to be a 
continuing characteristic, independent of age. 

The conflict of evidence arising from the use of 
these two methods indicates the need for greater 
caution in the interpretation of the results of cross- 
sectional investigations. The differences shown by 
this method may be due to the age differences in- 
volved, but the possibility that other factors are 
operating must also be borne in mind. 

This work will be published in greater detail in 


Occupational Psychology. 


GWYNNETH DE LA MARE 
R. SERGEAN 


Medical Research Council 
Industrial Psychology Research Unit, 

Psychology Department, 

University College, 
London, W.C.1. 

‘Medawar, P. B., The Future of Man (Methuen, London, 1960). 
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Role of Experience in Misreaching 
produced by Visual Cortex Lesions 


WHEN the macular projection area—that part of 
the visual striate cortex to which the macular region 
of the retina projects—is removed in monkeys a 
characteristic symptom can be demonstrated. The 
animal frequently misreaches for small pieces of 
food when they are presented to him on a flat 
surface’*. The error involved may be as much as 
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three inches, and two inches is common. It is the 
direction of the object, rather than the distance, 
which is usually gauged incorrectly by the animal; 
that is, his fingers fall to the sides of the object rather 
than beyond or in front of it. The direction of the 
error appears to depend primarily on which hand is 
used, misreaching to the left tending to occur when 
the left hand is used and misreaching to the right 
when the right hand is used. The position of the food 
relative to the animal’s body is also important. 
This type of behaviour is often called ‘past-pointing’ ; 
but since the error tends to be one of direction rather 
than distance, and also because past-pointing is also 
used to refer to vestibular or cerebellar derangement, 
we prefer to use the term ‘misreaching’. 

Misreaching is easily demonstrated during the first 
few days after operation. It declines, and almost 
invariably disappears within ten days. Afterwards, 
operated animals are as adept as normal animals at 
detecting and picking up small objects. 

It has never been shown whether practice is neces- 
sary for this recovery to occur or whether it is the 
result of a spontaneous re-organization of the visual 
system after part of it has been damaged. The latter 
hypothesis might seem rather improbable were it not 
for the fact that we now know that the rhesus monkey 
is not blind in the centre of its visual field after this 
operation, although this region is less efficient than 
in the normal animal*. Whichever hypothesis is 
correct, it is interesting to contrast the high degree 
of plasticity in such monkeys with the lack of correc- 
tion in orientation after eye rotation or similar 
a'terations in Amphibia‘. 

In order to distinguish between these two views 
about the recovery process—spontaneous recovery 
or practice—an animal was kept in total darkness for 
ten days after the macular projection area had been 
removed; he was then tested for misreaching. The 
result was clear. The animal misreached in exactly 
the same manner and for the same length of time as 
previous animals which had been tested without a 
delay after surgery. A control animal which was 
kept in the dark for 10 days showed no misreaching 
when it emerged. These statements are based on 
daily observations made in an experimental situation 
which permits quantitative estimates of misreaching 
from ciné film records. 

It is concluded that, although the cause of mis- 
reaching is still not perfectly clear, recovery depends 
on experience in the light. It cannot be said without 
further experimental work whether mere exposure 
to the light is sufficient, or whether specific practice in 
reaching for objects is necessary. T.1e latter appears 
more likely in view of recent work on the recovery 
of misreaching by human subjects wearing prisms‘. 

This investigation was supported by the U.S. Air 
Force under Contract AF 61 (052)-185. One of us 
(A. C.) held a Medical Research Council fellowship 
while doing this work. 

A. CowEy 
L. WEISKRANTZ 


Psychological Laboratory, 
Cambridge. 

‘Munk, H., Uber die Funktionen der Grosshirnrinde, 3te Mitteilung, 
28 (Hirschwald, Berlin, 1881). 

* Weiskrantz, L., in Current Problems in Animal Behaviour, edit. by 
A W. H., and Zangwill, O. L. (Cambridge Univ. Press, 

*Cowey, A., Ph.D. dissertation, Univ. of Cambridge (1961); and 
Nature (in the press). 

‘§ , R. W., Handbook of Experimental Psychology, Chap. 7, edit. 

lS boven 8. 8. (Wiley and Sons, New York, 1951). 
* Held, R., and Bossom, J., J. Comp. Physiol. Psychol., 54, 33 (1961). 
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MATHEMATICS where 
Vs = ((X*85) 2" (3) 


Equation of Motion in Five Space 


THERE exist many models for the description of 
the gravitational and electromagnetic field. Perhaps 
the most successful formalism developed is still that of 
Kaluza', with notable improvements by Bergmann* 
sines it reproduces exactly the classic equations of the 
electromagnetic field with gravity. However, there 
still remained the well-known difficulties associated 
with the classic treatment of Nature so that general- 
izations which lead to substantially different equa- 
tions were made in the hope that there could be 
included within the new frameworks an adequate 
theory encompassing quantum-phenomena as well. 
These hopes have not been realized; but nevertheless 
it is most difficult to relinquish a theory which by 
and large has been subject to confirmation—quite 
strikingly in recent times using techniques based on 
the Méssbauer effect®. In addition to numerous 
verifications of the original version of the theory, 
Einstein, Infeld and Hoffmann‘ have shown that there 
exists a most «esthetic feature, namely, that the field 
equations themselves determine the classic equations 
of motion of ‘singularities’ or ‘particles’ in the field. 
Thus it is not necessary to supplement the field 
equations with ponderomotive equations. 

It seems to be of some interest to investigate the 
equations of motion in a five-dimensional setting to 
examine departures from the usual results. I will 
assume that the additional dimension is space-like 
and take for the field equations: 

Ruy Gurk/2 = 0 (1) 

wv = 0, 1, 2,3, 4 
where guy is the metric tensor, Ry, the Riemann- 
Christoffel curvature tensor and R its contrac- 
tion. ‘0 indices will be considered temporal, 
the others spatial with the ‘4’ index reserved for the 
additional dimension. Now if we seek approximate 
solutions of the field equations corresponding as 
closely as possible to the four-dimensional case it is 
found on reckoning differentiation with respect to 
X, as leading to quantities of the same order of 
smaliness differentiation with respect to 
X,(= ct), and then proceeding in much the same 
fashion as in reference 2 and 4 ‘co-ordinates’ of the 
‘particles’ will involve X, as well as X,, which 
would imply that the equations of motion for the 
position of the ‘particles’ will be partial differential 
equations rather than total differential equations. In 
addition to a field, which, in view of the Kaluza 
theory, may be interpreted as that arising from a 
charged ‘particle,’ there arisos another which I 
make no attempt to interpret here. 

For purposes of comparison let us record the results 
of the calculations for the metric tensors to that order 
essential to obtain the Newtonian epproximation 
These are: 


Joo = + GxP3)/13) V3 
Gos = (6x/13)c—* 
V; 
gas = 5 / 
(2) 


Gao = — LQ; V3 
1,2,3 


&, the sth co-ordinate of the jth ‘particle,’ and y, 
and Q; its mass (gm.) and charge (£.s.U.) respectively, 
P; may be considered another parameter describj 
another property of the jth particle. It is to be note 
that x is Newton’s constant of gravity and that th 
dimensions of the Pj; is that of (x)-*/* times ¢ 
(z.8.u.). My, Q; and P; could be functions of X,(= Ct 
and X, satisfying: 

at — = 0 

8Q4/dt — = 0 (4) 
while the partial differential equations of motion fg 
the jth particle in the Newtonian approximation tum 
out to be: 


+ (5) 
- + — 4xPyMi/(13Mj) 
iFj 


+ — = 0 
where 

with the time ¢ in seconds units and X‘ the additional 
co-ordinates expressed in cm. units. 

It is to be noted that even for an isolated ‘particle’ 
or systems of ‘particles’ far removed from one 
another the co-ordinates &j satisfy the second-order 
equation obtained by considering only the first three 
terms of equation 5 which may be expressed as: 


(8/ 3/ AX *) 0/0X*) = 0 (7) 
if M;, Q;, and P; are presumed constant. In equation 
7 cy+ is given by: 

= + 
(8) 
which implies with the f; and ‘g; arbitrary function 
of the indicated arguments that: 
= Silent + X*) + gi(cr-t + X*) (9) 


@ wave motion for the & which is propagated with 
velocities — cj, in our t — X‘ space. 

The insistence that equation 7 be a hyperbolic 
partial differential equation has as consequence 
P;/M; < 0 to assure this property even when Q; = 0. 
For an electron the velocity of propagation attains s 
value of the order 10%! times the velocity of light. 
One would be forced to conclude that if it wer 
possible to communicate in such a space it would bes 
relatively simple task to assess the state of the far 
reaches of the universe within a considerably shorter 
interval of time than heretofore and so indeed to 
consider occurrences almost anywhere to be of 4 
contemporary nature. In any event the structure of 
the equations of motion which have emerged even for 
‘free particles’ may perhaps provide us with other 
conceptual possibilities the starting point of which 
may lead to a theory with less startling consequences. 

CHRISTOPHER GREGORY 

University of Hawaii, 

Honolulu. 
'Kaluza, T., S. B. preuss. Akad. Wiss., 966 (1921). 
* Be a An Introduction to the Theory of Relativity (New 
* Pound, R. V.. and Rekba, jun., G. A., Phys. Rev. Letters, 8, 43 

(1960), Hay, H. J., Shiffer, J. P., Cranshaw, T. E., and 
ia 4, 165 (1960). Sherwin, C. W., Phys. Rev., 


* Einstein, A., Infeld, L., and Hoffmann, B., Ann. Math., 89, © 
(1938), Einstein, A., and Infeld, ibid.’ 41 (1940). 
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December 30, 1961 
FORTHCOMING EVENTS 


Tuesday, January 2 
Royal GEOGRAPHICAL SOCIETY (joint meeting with the 
CAL ASSOCIATION and the INSTITUTE OF BRITISH GROGRAPHERS, 
at 1 Kensington Gore, London, S.W.7), at 3 p.m.—Prof. David 
Linton: “Some Contrasts in Landscapes in the F.I.D.S. Sector of the 
Antarctic”. 
Wednesday, January 3 


4 INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 10 a.m.—aAll-day Symposium on “Data Trans- 
mission”. 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
Group (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m. 
—Diseussion on “Wear of Rubbing Electrical Contacts”. 


Wednesday, January 3——Friday, January 5 


ScIBNCE MASTERS’ ASSOCIATION (at Imperial College, London, S8.W.7), 
at 10 a.m. daily—Annual Meeting. 


Thursday, January 4 


INSTITUTE OF REFRIGERATION (at the Institute of Marine Engineers, 
The Memorial Building, “6 Mark Lane, London, E.C.3), at 5.30 p.m. 
—Mr. 8. I. Neuman: “Kefrigeration in Dam Cooling”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Mr. F. J. Lane: “‘The Transmission of Power 
at High Voltages” (Fourth Hunter Memorial Lecture). 


ROYAL SOCIETY OF MEDICINE, NEUROLOGY SECTION (at 1 Wimpole 
Street, London, W.1), at 8 p.m.—Meeting on “‘Inborn Errors of Meta- 
bolism”. Speakers: Dr. Richard H. Dobbs, Dr. L. I, Woolf and Dr. 
G. A. Rose, 


Friday, January 5 


Pras7ics INSTITUTE (at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2), at 2.30 p.m.—Prof. M. Stacey, F.R.S.: 
“Nature’s Plastics’ (Annual Young People’s Lecture). 


SocreTy OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 
14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Mr, F. P. Doyle: 
“Recent Advances in the Chemistry of Penicillin’. 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL ELECTRONICS 
Discvssion GRovP (at Savoy Place, London, W.C.2), at 6 p.m.— 
Discussion on “Membranes” opened by Dr. H. Davson. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

BiocuEmist for the Wellcome Laboratory, situated at the Veterin- 
ary Hospital—The Secretary of University Court, The University, 
Glasgow, W.2 (January 12). 

ORNITHOLOGIST (with a_good honours degree and/or high pro- 
fessional attainment in ornithology) at London Headquarters, for work 
on ornithological matters at National level—The Nature Conservancy 
(E), 19 Belgrave Square, London, 8.W.1 (January 12). 

LECTURER (with au honours degree or equivalent qualifications, 
and preferably special interests and experience in general psychology, 
experimental psychology or statistics) IN THE SCHOOL OF APPLIED 
PsycHoLOGY—The Agent-General for New South Wales, 56-57 Strand, 
London, W.C.2; and the Appointments Section, The University of 
New South Wales, Box 1, Post Office, Kensington, New South Wales, 
Australia (January 15). 

UnNIversITy LECTURER (with an honours degree in agriculture, 
or in agricultural science, together with experience in teaching and 
research, and preferably with interests in the field of animal husbandry) 
IN AGRICULTURE—The Secretary of the Appointments Committee 
of the Faculty of Agriculture, The University, Cambridge (January 16). 
_RESEARCH FELLOW or RESEARCH ASSISTANT IN PHysics at the 
University of New England, to assist in a programme of research into 
the physics of ice, water and clouds—The Registrar, University of 
New England, Armidale, New South Wales, Australia: and The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(Australia and London, January 19). 

LECTURER IN GEOGRAPHY—The Registrar and Secretary, The Uni- 
versity, 388 North Bailey, Durham (January 20). 

_LECTURER IN PHysics—The Registrar and Secretary, The Univer- 
> 38 North Bailey, Durham (January 20). 

ECTURER (preferably with a major interest in applied mechanics 
especially theory of machines, stress analysis and properties of 
materials, or applied thermodynamics) IN ENGINEERING (Mechanical) 
~The Registrar, The University, Manchester 13 (January 20). 

_ LECTURERS (2) (suitably qualified honours graduates) IN GEOGRAPHY 
'n the Liberal and Social Studies Department, Kwame Nkrumah 
University of Science and Technology, Kumasi, Ghana—The Assistant 

trar, Kwame Nkrumah University of Science and Tech- 


nology, 29 Tavistock Square, London, W.C.1 (January 20). 

_ SCIENTIFIC OFFICER (with a first- or second-class honours di 

it mathematics with statistics, or a Diploma in Statistics) IN THE 
STATISTICS SECTION, for duties mainly concerned with the design and 
analysis of field and Secretary 


y Institute for Soil 
(January 20), 


, The 
arch, Craigiet.ckler, Aberdeen 
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ASSOCIATE PROFESSOR IN CONCRETE TECHNOLOGY at the Univer- 
sity of Sydney, Australia—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (Australia and London, January 24). 

LECTURER or ASSISTANT LECTURER IN THE SUB-DEPARTMENT OF 
CoMPUTATION—The Secretary and Registrar, The University, 
Southampton (January 26). 

DEMONSTRATORS (graduates with some research experience) IN THE 
DEPARTMENT OF ORGANIC CHEMISTRY—The Registrar, The University, 
Liverpool, quoting Ref. CV/575/N (January 31). 

DEMONSTRATORS (2) (with a science degree with a major in zoology) 
IN ZOOLOGY at the University of Melbourne, Australia—The Registrar, 
=_ of Melbourne, Parkville, N.2, Victoria, Australia (January 


IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (one or more) 
—The Secretary, The University, Aberdeen (January 31). 

LECTURER IN CIVIL ENGINEERING—The Registrar, The University. 
Sheffield (January 31). 

LECTURER IN MECHANICAL ENGINEERING at the University of 
Hong Kong—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall 
London, 8.W.1 (Hong Kong and London, January 31). 

SENIOR LECTURER IN INORGANIC CHEMISTRY at the University 
of Natal, Durban—The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (South Africa and London, January 31). 

PROFESSOR OF BOTANY: and a PROFESSOR OF ZOOLOGY—The 

pm ae University College, Galway, Republic of Ireland (Febru- 
ary 5). 
IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN THE 
VARIOUS BRANCHES OF CHEMISTRY, CHEMICAL ENGINEERING, ENG- 
INEERING, TECHNOLOGY, PHysics and allied subjects—The Regis- 
trar, The University, Manchester 13 (February 14). 

TURNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIC CHEMISTRY, PHysics and allied subjects—The Registrar, 
The University, Manchester 13 (February 14). 

READER IN MATHEMATICS; and a LECTURER/SENIOR LECTURER 
IN MATHEMATICS at the University of Western Australia—The Secre- 
tary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, February 17). 

LECTURERS (2) IN FUEL TECHNOLOGY AND CHEMICAL ENGINEERING 
—The Registrar, The University, Sheffield (February 28). 

SENIOR LECTURER IN ELECTRICAL ENGINEERING; and LECTURERS 
(2) IN. ELECTRICAL ENGINEERING at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, "s'l Mall, 
London, 8.W.1 (Australia and London, March 1). 

LECTURERS, ASSISTANT PROFESSORS or ASSOCIATE PROFESSORS 
IN THE DEPARTMENT OF MATHEMATICS (either at the Edmonton 
campus or the Calgary M. Wyman, Mathematics 
Department, University of Alberta, Edmonton, Alberta, Canada. 

OSTDOCTORAL ASSISTANT for the operation of a research mass- 
spectrometer for the detection of unstable reaction intermediates— 
= — Linnett, Inorganic Chemistry Laboratory, The University, 

xtord. 

RESEARCH ASSISTANT (science graduate), to work with tissue 
culture in relation to carcinogenesis—Prof. H. N. Green, Department 
of Experimental Pathology and Cancer Research, School of Medicip., 
The University, Leeds 2. 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with an honours 
degree and experience in microbiology) IN THE BACTERIOLOGY DE- 
PARTMENT, for work on problems involving hygiene and the isolation 
and classification of micro-organisms—The Secretary, National 
Institute for Research in Dairying (University of Reading), Shinfield, 
Reading, quoting Ref. 61/17. 

SENIOR HISTOLOGICAL TECHNICIAN TO TAKE CHARGE OF A RE- 
SEARCH LABORATORY—Chief Technician, Department of Morbid 
of Orthopedics, 234 Great Portland Street, 

ndon, W.1. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Modern Science Memoirs, No. 41; On Teaching Voltaic Cells and 
Electrolysis. By H. G. Andrews. Pp. 11. (London: John Murray, 
1961. Published for the Science Masters’ Association.) 28. net. [1710 

Department of Scientific and Industrial Research: Forest Products 
Research. Record No. 31: Non-pressure Methods of Applying Wood 
Preservatives. By J. Bryan and D. F. Purslow. Pp. iv+14+8 plates. 
2s. 6d. net. Bulletin No. 47: Working Stresses for Structural Timbers. 
By J. G. Sunley. Pp. iv+i8. 1s. 3d. net. (London: H.M. Stationery 
Office, 1961. (1710 

Bulletin of the British Museum (Natural History). Geology. Vol. 
5, No. 7: The Old Red Sandstone of Brown Clee Hill and the Adjacent 
Area. 1: Stratigraphy. By Harold William Ball and David Lawrence 
Dineley. 2: Te By Errol Ivor White. Pp. 175-310-+ 
_ 33-48. (London: British Museum (Natural History), ses.) 

0 

Building Research Station Digest, No. 15, (Second Series) : pes 
and Fittings for Domestic Water Supply. Pp. 5. (London: H.M. 
Stationery Office, 1961.) 4d. [1710 

Royal Observatory Bulletins. No. 37: Observations of Southern 
RR Lyrae Stars. By T. D. Kinman. Pp. i+E151-204. (London: 
H.M. Stationery Office, 1961.) 7s. 6d. net. {1710 

British Cast Iron Research Association. Fortieth Annual Report 
for the year ending 30th June, 1961. Pp. 68. (Alvechurch, Birmingham : 
British Cast Iron Research Association, 1961.) {1710 

London County Council. Public Health Department—Scientific 
Branch. Annual Report of the Scientific Adviser for the year 1960. 
Pp. 60 (London: London County Council, 1961.) 1s. 3d, {1710 
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University of Oxford : 
Serial 


Department of List of 
Publications. xvii + 1-150. 
Part 2: FP 151-284, (Oatord. Department of Forestry, The 


University, 1561 
Agricultural Research Council: Radiobiological 
ARCRL No. 5: Surveys of Radioactivity in Human Diet and Expe 
mental Studies, (Report for 1960). Pp. xii+76. (London: M. 
Stationery Orfice, 1961.) 6s. 6d. [1710 
The British National Health Service : a Short Survey ama 
reference to the Pharmaceutical Services. Pp. i+ 22. (Lo 
Pharmaceutical Press, 1961.) 5s. 
Schools Television: a Discussion Document. Pp. 18. Gain: 
National Union of Teachers, 1961.) 1s. 1810 
Imperial College of Science and Technology. Research 3 of ~ 
be and Guilds Co! 1958-1961. Pp. v+96. (London: 
College of Science and echnology, City and Guilds College, i8er *) no 
Advisory Council on Scientific Policy ; Committee on Scientific 
Demand for 


Manpower; Statistics Conumittee. The Long-Term 
Scientific Manpower. Pp. ix+26. (Cmnd. 1490). (London: H.M. 
Stationery Office, 1961.) 1s. 9d. net. [1810 


Royal Institute of Chemistry. Directory of Independent Consultants 


in Chemistry and Related Subjects. Fourth edition. Pp. iii+34. 
Con: Royal Institute of Chemistry, 1961.) {1810 
Hill Farming Research Organisation. Second Report, 1958-61. 


Pp. 96 (Edinburgh : Hill Farming Research Organisation, 1961.) [1810 

British Drug Houses, Ltd. “Union Carbide” Molecular Sieves for 
Selective Adsorption. Second edition. Pp. 36. Phosphate Esters in 
Metabolism: an Account of some Biologically Important Organic 
Phosphate Compounds. Pp. 39. (Poole: British Drug Houses, Ltd., 


1810 
Ion Exchange Vol. 1, No. 1961.) Pp. 4. (Lane 
Bucks: Elga Products, [1810 


Ministry of Housing and Local 1. Pollution of the Tidal 
: Report of the Departmental Committee on the Effects of 
Heated and other Effluents and Discharges on the Condition on the 
Tidal Reaches of the River iv +68 +map. (London 
Stationery Office, 1961.) 5a. {is 
Negretti and Zambra, "Pubifcation No. APP/26: Centralised 
Temperature Indication for Hotels, Offices, Schools, ete. Pp. 3. 
Publication No. E/16: Vibration Lay oy | Bracket for use with 
“Aetec” Instruments. Pp. 2. Publication No. E/19/1: “‘Aetec” Record- 
ing Pyrometers and Resistance Thermometer Recorders. Pp. S 
(London : Negretti and Zambra, Ltd., 1961.) {1810 
Annual Report for 1960 (No. 73) of ‘the Marine Biological Station of 
the University of your at Port Erin, Isle of Man. Drawn up by 
J. 8. Colman. . 1 plate. (Liverpool : The University Press, 
1961.) 5s. (2310 
Department of Scientific and Irdustrial and Offices’ 
Committee Joint Fire Research Organisation. Fire Note No. 1: Fire- 
resistance of Floors and Ceilings. By G. I. nid. Pp. ii+14. 7. 
H. M. Stationery Office, 1961.) 2s. net. [2310 
The Inheritance of Hairy Ear Rims. By R. Ruggles Gates and 
P. N. Bhaduri. (Mankind Monographs, No. 1) Pp. 38. ee : 
The Mankind Quarterly, 1 Darnaway Street, 1961.) 3 1,25 
jars. 2310 
Institute of Personnel Management. Annual Report, 1960-61. Pp. 
31. (London : Institute of Personiél Management, 1961.) ‘12310 
Department of Scientific and Industrial Research. Problems of 
Progress in Industry No. 11: Money for Effort. By Tom Lupton. 
Pp. 28. (London: H.M. Stationery Office, 1961.) 1s, 9d. 2310 
Fossils: a Colour Filmstrip. By Douglas G. A. Whitten, George 
R. Raine, and Philip R. Gurr. With notes, 30s. Drawings of 180 
of the Commoner British Fossils. Set of 20 sheets in case, 30s. (Surbi- 
ton: Marian Ray, 36 Villiers Avenue, 1961.) [2310 


Other Countries 


Canada: Department of Mines end Technical Surveys. Geological 
Survey of Canada. Map 1085A : Firedrake Lake, District of Mackenzie, 
Northwest Territories, (Sheet 75 H). Paper 61-16: Preliminary 
Report on Borings through Pleistocene Deposits, Cochrane District, 
Ontario. By O. L. Hughes. Pp. i+5. 25 cents. (Ottawa: Geological 
Survey of Canada, 1961.) {9 

Chicago Natural History Museum. Fieldiana: Zoology. Vol. 42, 
No. 10, (August 15, 1961): Philippine Zoological Expedition, 1946— 
1947. New and Interesting Odonata from the Philippines. By M. A, 
Lieftinek. Pp. 119-149. (Chicago: Chicago Natural History Museum, 


1961.) 1 dollar. {910 

Canada. Review of the National Research Council, 1961. Pp. 377. 
(NRC. No, 6421). (Ottawa: National Research Council, 1961.) 
75 cents. [910 


State of Illinois: Department of Registration and Education. 
Natural History Survey Division. Bulletin, Vol. 27, Article 6, (August, 
1961.): Sex Ratios and Age Ratios in North American Ducks. By 
Frank C. Bellrose, Thomas G. Scott, Arthur S. Hawkins and Jessop 
B. Low. Pp. vi+391-474. (Urbana, [ll.: Department of Registration 
and Education, Natural History Survey Division, 1961.) 1 dollar. [1710 

Organization for European Economic Co-operation. Rural Manpower 
and Industrial Development : Adaptation and Training. General 
Report by Prof. H. Krier. Pp. 130. (Paris : Organization for European 
Economic Co-operation, 1961.) 7 NP.; ; 108.; 1.75 dollars; 
5.80 D.M. 171 10 

Provincia de Buenos Aires. Comision de Investigacion Cientifica. 
Sistema Simetrico (MKSQ) de Unidades y Medidas Electromagneticas. 
Por Enrique Loedel Palumbo. Pp. 90. (La Plata: Comision de 
Investigacion Cientifica, 1960.) {1710 

Conseil Permanent International pour l’Exploration de la Mer, 
Charinttenlund Slot, Danemark. Rapports et -verbaux des 
Réunions, Vol. 149, (Contributions to Special IGY Meeting 1959. 
Pp. 218. Kr. 50. Bulletin Statistique des Péches Maritimes, Vol. XL 

ur l’Année 1959. Rédige par Arni Fridriksson. Pp. xiii+58. Kr. 

5. (Copenhague: Andr, Fred Host & Fils, 1961.) 0 


171 
As he Natural History Museum. Fieldiana: Zoology. Vol. 39, 
o. 51, 
obsoletus. 
(Angust 25, 1961): The 


(August 31, 1961): A New Peruvian Race of Cripturellus 
By Emmet R. Blake. Pp. 573-575. 10 cents. Vol. 41, No.4 
Land Snail Genus Amphidromus—a Synoptic 
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Immunodiffusion 


By ALFRED J. CROWLE, Webb Institute for Medical Research 
hind University of Colorado Medical Center, Denver 


NEW YORK 
and LONDON 


November 1961, 333 pp., 80s. 


In this monograph, the author has sought to document the basic knowledge of immunodiffusion, record the history 
of its development, demonstrate how usefully it has been employed, introduce it to potential users, and gather the 
knowledge of techniques from many scattered sources as an aid for those who already utilize immunodiffusion. 


CONTENTS : 
History 
Basic Considerations in Immunodiffusion Tests 
Dynamics of Immunodiffusion Tests 
Applications of Immunodiffusion Tests 
Immunodiffusion Techniques 
REFERENCES—GL OSSARY 
APPENDIXES—SUBJECT INDEX. 


The Action of Insulin 
on Cells 


By M. E. KRAuHL, The University of Chicago 


December 1961, 212 pp., 60s. 

This work identifies the principal effects which have to be accounted for in any general hypothesis regarding 

insulin action, examines the proposals which have been made concerning the chemical basis of insulin action, and 

surveys the literature on current investigations, appraising the pertinence and validity of the experiments quoted. 

From the Author’s Preface : aa) 

“Insulin is the one hormone with which large and reproducible effects can be obtained upon isolated tissues. 
For this reason it is of interest not only in its own right but as a potential model for other hormones.” 


CONTENTS : 
Introduction Interactions of Insulin, Pituitary Factors, and Adrenal 


Tissues Acted upon by Insulin Hormones in Isolated Tissues 
Insulin and Muscle Insulin Effects in Cell-Free Systems 


Insulin and the Liver Notes on the Structure and Properties of Insulin 


Insulin and Adipose Tissue Speculations on Insulin Action 
Insulin and Cell Permeability AUTHOR INDEX—SUBJECT INDEX. 


Telephone : WHItehall 6631 


17 Old Queen Street, London, S.W.1 LONDON 


elxy 
vort Of thy | 
PP. 
al flay 
+ 605 +10 
18) 
il, | 
obium ay 
ul Service,» | 
{181 
| 
mpera | 
of Navy | | 
| 
ing Office, 
(181) 
States 
|| 
+115 | 
be, 1961, 
(1810 
(Thadan 
[2010 3 
l Survey, | 
us Rock, 
iv +233. | 
er in th 
_| 
elopment 
Western | 
Mulcahy 
oOnwealth j 
[2310 
titute for 
in West. 
tment of | 
[230 
17-1961: | 
H, West 
[2311 
972: j 
ung in 
West. 
[281 
ecological 
the (eo- 
piled by 
Geology 
[2310 
. Grad- 
Pp. Ill, : 
[2310 
Feodetic 
. +20 
8) a. 
val : 
109-12 
1961.) 
[2310 
Polling. 
[2810 
4 
0. Pp, 
(2310 
; 
i 
Office 
™ 


elxvi NATURE 


October 28, 196] 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at “‘Nature’’ Office 


Mathematics 


ADLER, Irving. Thinking Machines : « Layman’s Introduction to 4° 
Boolean Algebra, and Computers. 8} in. x 5} in. (21 gm. x 14 cm.) 
189. (London : Dobson Books, Ltd., 1961.) 18s. net.* 

BLUMENTHAL, Leonard M. A Modern View of Geomet ae 
Gate Books.) 8 in. 5} in. (20 cm. x 14.cm.). xii+ 191. Franc 
and London: W. H. Freeman and Company, 1961.) 2.25 dollars; 12s. 6d." e 

ELLIS, John P. The — and Operation of the Slide Rule. 8 in. x 
in. (20 cm. x 13 cm.). .x +289. (New York: Dover Publications, Inc. ; 
London : Constable and Led., 1961.) 1.50 dollars; 12s.* 

GELFORD, A. O. The Solution of Equations in Integers. Translated 
from the Russian and edited by J. B. Roberts. (Golden Gate Books.) 
8 in. x 5} in. (20 cm. x 14 cm.). Pp. viii+62. (San Francisco and London : 
W. H. Freeman and Company, 1961.) ! dollar; 6s.* 

HOCKING, John G., and YOUNG, GailS. Topology. (Addison-Wesley 
Series in Mathematics.) in. x 6} in. (23-5 em.x 16 cm.). Pp. ix+374. 
Mass., and London: Addison-Wesley Company, Inc., 1961.) 
4s 


MOSTELLER, Frederick, ROURKE, Robert E. K., and THOMAS, Jr., 
eB. Probability: a First Course. (Addison-Wesley Science and 
Mathematics Education Series.) 9} in. x 6} in. (23-5 cm.x 16 cm.). Pp. 
xv +319. (Reading, Mass., and London : Addison-Wesley Company, Inc., 


1961.) 38s.* 

MOSTELLER, Frederick, ROURKE, Robert E. K., and THOMAS, Jr., 
George B. Probability with Statistical Applications. ‘Addison-Wes 
Series in Statistics.) 9} in. x 6} in. 5 cm.x 16 cm.). Pp. xv+ 
fer) Sen , and London: Addison-Wesley Publishing Company, 


Physics 


ADLER, uving. Seeing the Earth from Space: What the 
Moons Tell Us. 8in. in. (20 cm. x 13 ¢m.). Pp. 188+8 plates. la 
Dobson Books, Led., 1961.) 12s. 6d. net 

BILLINGTON, Dougias S., and CRAWFORD, Jr., James H. Radiation 
Damage in Solids. (Investigations in Physics. ) 9 in. =e in. (23-5 cm. x 
16 cm.). Pp. xi+450. inceton, N.J.: Princeton niversity Press; 
London : Oxford University Press, 1961.) 75s. net.* 

BRITTIN, Wesley E., DOWNS, B. W., and DOWNS, Joanne (edited by). 
Lectures in ‘Theoretical Physics, Vol. 3. (Lectures delivered at the Summer 
Institute for Theoretical Physics, University of Colorado, Boulder, 1960.) 

in. x 6} in. (23-5 em. x 16 em.). Pp. vii+53!. (New York: Interscience 
— London : Interscience Publishers, Led., 1961.) 11 dollars ; 


CHASE, Robert L. Nuclear Pulse 9 in. x6 in. cm. x 

ag cm.). Pp. viiit+22!. (New York: McGraw-Hill Book pany, 
Inc.; London: McGraw-Hill Publishing Company, Ltd., 1961.) 66s.* 

CLARK, D. E., and MEAD, H. J. Electronic, Radi 

i (25-5 16 cm.). Pp. viii+552. (London: 


i i . (Princeton, 


Company, 1961.) 58s. 6d.* 

Cc Paul L., and BENNETT, William E. Elements of Modern 
Physics: a Course of Those Aspects of Mode 
Important Developments. 9} in. 


(New York and tendon Oxford abverelty Press, 196! 
. net. 
FRIEL, Edward. The Friel System : a e of Color. II in. x 8} in. 
(28 cm. x 21- 5 cm.).. Pp. i+79. (Seattle : Friel, 1837-12th Avenue 
West, 1961.) n. 


— \Y fy V. Diffusion and Heat Flow in Liquids. 10 in. > in. 
‘S cm. cm.). Pp. xii+ 329. (London: Butterworth and 
blishers), 1961.) 65s.* 

WEBER, J. General Relativity and Gravitational Waves. (Interscience 
Tracts on Physics and Astronomy, No. 10.) x 5} in. cm. x 14 cm.). 
Pp. vili+200. (New York : Interscience Publishers, Inc. ; London : Inter- 
Led., 1961.) Cloth 4:50 dollars; 34s. Paper 2°50 

rs; 

WHITE, ©. M. Essentials of Heat. (Essentials of Physics for General 
Certificate ““A*’ Level Students.) 8} in. x 5} in. (21-5 cm. x 14 em.). Pp. 
vii+208. (London: Cleaver-Hume Press, Led., 1961.) 15s.* 

WILKS, J. The Third Law of Thermodynamics. ‘Oxford Library of the 
Physical Sciences.) 8} in. 5} in. (2! cm. x 14em.). . viii + 142. (London: 
Oxford University Press, 1961.) 15s. net.* 


Engineering 


BELLMAN, Richard. Control Processes: a Guided 
9} in. x 6} in. (23-5 cm. « 16 cm.). xvi+255. (Princeton, N.J.: Prince- 
ton University Press ; London : Sidon University Press, 1961. ) 42s. 
net.* 

BERMAN, L. D. Evaporative Cooling of Circulating Water. Translated 
from the Russian by Raymond Hardbottle. Edited by Henryk Sawistowski. 
li} in. x Bf in. 28-5 cm. x 22 cm.). , PP. x+392. (London and New York : 
Pergamon Press, 1961.) 140s. net 

BLAKE, Richard F. (edited by). Static Relays for Electronic Circuits. 
(Based on the Static Relays Sy ed by Electronics Com- 


ponents Research Army Signal Research and Develop- 
ment Laboratory.) 9%} in. 
Elizabeth, 
blishing 
63s. net.* 


(3-5 16 cm.). Pp. viii+ 198. 
iblishers, 1961. Distributed by 


‘ork; and Chapman and Hall, 


Corporation, New 


BURGESS, Eric. Long-Range Ballistic Missiles. 8} in. x 5? in. (22 
15 cm.). Pp. xii +255 +58 plates. (London: Chapman and 
1961.) 35s. net.* 

DIETZ, A. G. H., and EIRICH, Frederick R. Coden, High Speed 
Testing, Vol. 2 : Second Annual Symposium held at Boston, Massachusetts, 

: Interscience ishers, Inc. ; London: Interscience Publishers 
Led., 1961.) 4.50 dollars.* 
JAUMOTTE, A. L., LEFEBVRE, A. H., and ROTHROCK, A 


McCLEERY,.D.K. Introd o Tr (22 em. 
14 Pp. xi+232. and all. 1961.) 42s. 


ne MANDELKORM, Richard S. (edited by). Value Engineering, Vol. 2. 
Based on the Second Electronic Industries Association Conference on Value 
ngineering, Anaheim, California.) in. x 62 im. (23-5 16 em,), 
Pp. viii+167. (Elizabeth, N.J.: Engineering Publishers, 1961. Distributed 
py Corporation, New York ; and Chapman and Hall, 
td 


Chemistry : Chemical Industry 


BUTLER, J.A. V., B., and ZIRKLE, R. E. (edited by). Gs ress in 
Biophysics and Biophysica 1 Chemistry, Vol. tl. 10 in. x 6} in. cm. x 
v+ (London and New York : Pergamon 1961.) 


UAXTON, ). Benzoles : and Uses. 9 in.) 
6% in. (23em. x I : The National Benzole 


DIN, F. (edited by). Thermodynamic son by Gases. Vol. 3: 
ane, Nitrogen, Ethane. 10 in. x 6} in. 16 cm.). vi+ 
218. (London: Butterworth and Co. 1961.) 
P., JACKSON, J. THUR E 
Water T reatment Practice. | 10 in. x 6} 


in association with Imperial Chemical. Limi 
JOLIOT-CURIE, Frédéric, et JOLIOT-CURIE, Iréne. res Scienti« 
fiques Completes. 10 in. x6 (25-5 cm. x 16-5 cm.). Pp. 1 
planches. (Paris : Presses Universitaires de France, 1961.) 100 N.F.* 
KOLTHOFF, |. M. mea ELVING. Philip J. (edited by). With the assistance 
of SANDELL, Ernest Treatise on Anal a Chemistry. Part 2: 
in. x in. (24 em.x 
York : AR. Lo Publishers, Inc. ; 
Publishers, Led., 1961.) 16 dollars ; 120s.* 
MATTOCK, G pH Measurement and Titration. With a chapter by G. 
Ross Taylor. in. in. (21-5 cm. x cm.). Pp. xiv+406. (London : 
ood and Led., 1961.) 63s. n 
SBORN, G. H. Synthetic Recent Developments 
A edition. 8} in. x 5} i 
Pp. x man and Hall, Led., 1961. ) 50s. net.* 
TABLES. OF WAVENUME RS FOR THE CALIBRATION OF INFRA-RED 
SPECTROMETERS, (international Union of Pure and Applied Chemistry— 
Commission on M r and roscopy. ds Reprinted from 
in. x 63 in. (25 
wes 7-699. (London : gk. and Co. (Publishers), Led. 


TINE, G. Ges Somnoting and Ch ical Analysi b Processes. 
(bond No. ) 10 in. x 64 in. cm.x 16 cm.). Pp. 
xv +94 { don and New York : Pergamon Press, 1961. Published for 

of Advisory Group for a. — and Develop- 
pt t. North Atlantic Treaty Organization.) 42s. 


Technology 
QUENEAU, Paul (edited by). Extractive Metallurgy of , Nickel 
and Cobalt. on an International rm held in New York, 


February 15-18, 1960.) 9 in.x6 in. (23 em.x 15-5 cm.). Pp. xv+647. 
(New York : Interscience Publishers, inc. ; London: Interscience Pub- 
lishers, Led., 1961.) 22.50 dollars.* 

ST. PIERRE, George R. (edited by). Physical Chemistry of Process 
wee an Symposium, Pittsburgh, Pennsylvania, 
27-May 1959. i: Pp. xiv+644. 22.50 dollars. Part 2: 
xiv+645-1374. 25 2 (Metallurgical Society Conferences, Volumes 
(23 15-5 em.). _ (New York : Interscience 

Publishers, Inc. ; London: Interscience Publishers, Ltd., 1961.)* 


Astronomy 


BERKNER, Lloyd D., and ODISHAW, Ce oe by). Science in 

in. in. (23-5 cm. x 16 m.). +458. (New York: 

raw-Hill Company, Inc. ; London : McGraw-Hill Publishing 
Company, Led., 1961.) 54s. 6d.* 

BROUWER, Dirk, and CLEMENCE, Gerald M. Methods of Celestial 
Mechanics. 9} in. x 6} in. (23-5 cm. x 16 em.). Pp. xii+598. (New yn 
TT oa Inc. ; London: Academic Press, Inc. (London), Ltd 

CARMODY, Francis J. The Acareporaient Works of Thabit B. Qurra. 
10 in. x 6} in. (25-5 cm. 16 cm.). Pp. 262. (Berkeley and Los 
California Press ; Cambridge University Press, 


AE 


=? 


™s. 


SESE _ OFF. we cere 


GR 
«18 
Press 
SA\ 
Inscit 
BA 
sity ¢ 
FR 
54 in 
Ltd. 
ST 
Com 
8} in 
Gree 
y). ombustion and Propulsion : High Mach Number ; Air-Breathing su 
Engines. (Fourth AGARD Colloquium, Milan, April 4-8, 1960.) 10 in. . the R 
(25:5 cm.x 16 cm.). (London and New York: Pergamon Press x 
: 1961. Published for and on behalf cf Advisory Group for 7 Ww. + 
| 
| 
A 
S. ( 
| doll 
Vol. 
16 
Aca 
x 
4 ise 
« 
Wit 
Mor 
Mac 
L 
(Co 


ox 


x 


Ss 


os Fa 


October 28, 1961 


GREENSTEIN, Jesse L. Stellar Atmospheres. (Stars and Stellar Systems: 


Astronomy and Astrophysics, Vol. 6.) 9} in. x7 in. (24cm. 
companion on (Chicago and London : University of Chicago 


40s.* 
Pree Allan. The of in. x 15 in. 
+ 50 plates. Carnegie 


: Travel 
BOUR, K .M. The Republic of the Sudan : a Regional Geograph 
7h in. (25-5 em. x 19 plates. (London : Gniver- 
sity of London Press, Led., 4. 
FRASER, Ronald. Planet tanh. (Progress of Science Series.) 8} in.» 
7m (21-5 em. x 14 cm. ). Pp. 72+14 plates. (London : Phoenix House, 
New York : Roy Publishers, 1961.) 9s. 6d. net.* 

LS TAMP, L L. Dudley. A Glossary of Geographical Terms. Prepared by a 
Committee | of the British Association for the Advancement of Science. 
8} in. x 5} in. (22 cm. x 15 cm.). Pp. xxx +539. (London : Longmans, 
Green and Co., Ltd., 1961.) 63s. net.* 

SUSLOY, S. P. Physical Geography of Asiatic Russia. Translated from 
the Russian by a D. Gershevsky. Edited by Joseph E. Williams. 10} in. 
Th in. (26 cm. x 19 cm.). Pp. xiv+594. (San Francisco and London : 

W. H. Freeman ~~ Company, 1961.) 105s.* 


General Biology : Natural History 
Zoology : Botzny 
ABERCROMBIE, M., and BRACHET, Jean (edited by). Advances in 
Morphog: , Vol. i. 9 in. x6 in. (23 em. x 15-5 cm.). Pp. xiii+445. 
Inc.; London: Academic Press, Inc. 
d., 1961.) 89s 
Harry. Metabolism in Plants. =P, 
Biological Monographs.) 8 in. x 5} in. (21 cm.x 14 on Pp. xi+232. 
on, lil. : Row, Peterson and Company, 1961.) 3. la 
BERRILL, N. J. Growth, Development and Pattern. 
in Biology.) 94 in. x 6} in. (24 cm. x 16 cm.). Pp. x+555. (San Francisco 
and London : W.H. Freeman and Company, 1961.) 70s.* 
HOCKENHULL, D.J.D. (edited by). Progress in Industrial Microbiology. 
10 in. x 6} in. sae. x 16 em.). Pp. vii+232. (London : Heywood and 
| net.* 
. The Biology of Fungi. (Hutchinson's Biological Mono- 
in. Scm.). Pp. 124. (London : Hutchinson 
Led 


Educ Vv. S. ee Ecology of the Feeding of aan, Translated 
from the Russian by Douglas Scott. 8} in. x5} in. (22 cm.x 14. cm.). Pp. 
viii+302. (New Haven, {ae and Londor : Yale University Press, 1961.) 

doliars.* 
Martin. Communication Among Social Bees. (Harvard 
Books in Biology, No. 2.) in. x in. (21-5 cm. x 14. cm.). Pp. ix+ 143. 
(Canbrides, Mass. pawns University Press ; London : Oxford Univer- 
sity Press, 1961.) 3 

PENFOLD, A.R., and POvILLIS, J.L. The Eucalypts : Botany, Cultivation, 
Chemistry, and Utilization. (World Crop Books.) 10 in. x 6} in. (25-5 cm. 

x 16 em.). Pp. xx+551+6! plates. (London: Leonard Hill _(Books), 
pe New York : Interscience Publishers, Inc., 1961.) 80s. net.* 

POLLARD, Morris _ by). Perspectives in Virology, Vol.2. 11} in. 

in. (28-5 cm.x 21-5 cm.). Pp.x+220. (Minneapolis, Minn.: Burgess 
Pu ishing Company, 1961. Published ¢ for the Gustav Stern Foundation of 
New York .) 8dollars.* 

ROSTAND, Jean. Human Heredity. 7} in. x 4} in. (19 cm.x 12 cm.). 
Pp. ix+i39. (New York : Philosophical Library, 1961.) 4.75 dollars.* 

SCHILDMACHEF. Hans (herausgegeben von ~ Beitrage zur Kenntnis 
Deutscher Vogel. 93 in. x 6} in. raya x 165 em.). Pp. ix+295. (Jena : 
Gustav Fischer Veriag, 1961.) 31.80 D 

SIMPSON, George G: — Principles ‘of Animal Taxonomy. (Columbia 
Biological Series, No. 20.) 9 in. x 6} in. (23 cm.x 16 cm.). Pp. xii+247. 
: Columbia Lnivarsicy Press ; London: Oxford University 
Press, 1961.) 35s. net.* 

STILES, Walter. Trace Elements in Plants. Third edition. 8} in.x 
5} in. (22 cm. x 15 em.). & xiv+ 249+ 16 plates. (Cambridge: At the 


University Press, 1961. = . net.* 
SWELLENGREBEL, N y 2 and STERMAN, M. Animal Parasites in 
% in. x6 in. 5 em.x 15-5 em.). x+652. (Princeton, 
NJ.: D. Van Nostrand Company, Inc.; London: D. Van Nostrand 


Company, Ltd., 1961.) 67s. 6d.* 

TAYL IR, William Randolph. Marine Algae of the Eastern Tropical 
and Subtropical Coasts of the Americas. (University of Michigan Studies— 
Scientific Series, Vol. 21.) 9% in. x 6} in. (24 x 16 em.). Pp. ix+870. 
(Ann Arbor: University of Michigan Press, |! Distributed in the 
United Kingdom by the Cresset Press, Ltd.) 19.50 dollars ; 140s.* 


Biochemistry : Physiology 
Pathology 


ALTMAN, Philip L. (analysis and ilation by). DITTMER, Dorothy 
. (edited by). Blood and other Body Fluids. (Bi ) 
ii in.x 8 in. (28-5 cm.x 20 cm.). Pp. xvii+540. (Washington, Os. : 
ion of American Societies for Experimental Biology, 1961.) 10 
re. Paul D., LARDY, Henry, and MYRBACK, Kari. The Enzymes, 
Vol. Second edition, completely revised. 9} in. x 6} in. (23-5 cm. x 
ie om). Pp. xix+645. (New York: Academic Press, Inc. ; London : 

ic Press, Inc. (London), Led., 1961.) 20 dollars.* 

KATSUKI, Yasuji (edited by). Electrical Activity of Single Cells. 10} in. 
(26 cm. x 18-5 em.). Po. viiit+312. (Tokyo: Igaku Shoin, Led., 

n.p.* 

KIMBER, Diana Clifford. GRAY. Carolyn E., and STACKPOLE, Caroline 
E. Anatomy and Physiology. Fourteenth edition by Lutie C. Leavell. 
With the assistance of Marjorie A. Miller, Florence M. Chapin and Edna C 

in. x 6} in. (24 em. x 16 cm.). Pp. x+779. (New York: The 

Macmillan Company, 1961.) 48s. 6d.* 
LONG, Cyril (edited by). Len Earl J. Le ons SPERRY, Warren M. 
¢ Editors.) 0 in. x 6} in. (25-5 em. x 


NATURE 


oy" 


1. cm.).. Pp. xxii+1192. (London: E. and F. N. Spon, Led., 1961.) 
168s. net. 

MARTIN, Arthur W. (edited by). Comparative Physiology of Carbo- 
hydrate Metabolism in Heterothermic Animals. 9 in. x6 in. (23 em. x 
15-5 cm.). ep. vii+144+2 plates. (Seattle: University of Washington 
Press, 1961.) Paperbound 3.50 dollars ; Clothbound 4.50 dol'ars.* 

NORD, F. F. (edited by). Advances in Enzymology and Related Subjects 
of Biochemistry, Vol. 23. 9 in. x6 in. (23 cm.x 15-5 cm.). Pp. v+557. 
(New York: Interscience Publishers, Inc. ; London: Interscience Pub- 
lishers, Led., 1961.) 15.50 dollars.* 

PITT- RIVERS, Rosalind (General Editor). Advances in Thyroid Research : 
Transactions of the Fourth International Goitre Conference, London, july, 
1960. 92 in. x 6} in. (23-5 cm.x 16 cm.). Pp. xxvii+537. (London and 
New York : Pergamon Press, 1961.) 126s.* 

STEINER, Robert F.,and BEERS, Jr., Roland F. 7 oy + Natural 
and Synthetic Nucleic Acids. 9} in. x 62 in.(25cm.x 17cm.). Pp. viii+ 404. 
(Amsterdam : Elsevier Publishing Company 3 London : D. Van Nostrand 
Company, Letd., 1961.) 85s.* 

WATSON-) JONES, Sir Reginald. Surgery is Destined to the Practice of 
Medicine. (Ninetieth Hunterian Oration, Royal College of Surgeons of 
England, February 16, 1959.) 10 in. x 6} in. (25-5 cm.). Pp. 81. 
ary and London : E. and S. Livingstone, Ltd., 1.) net.* 

Alexander S. Advances in Blood nang 10} in.x 7 in. 
(26 cm. x 18 cm. ). Pp. xii+549. (New York and London: Grune and 
Stratton, Inc., 1961.) 11 dollars.* 

WILLIAMS, P. C., and AUSTIN, C. R. (edited py). Cell Mechanisms in 
Hormone Production and Action : Pr held at the 
Meeting House of the Zoological Society of landes, 3 and 4 May 1960. 
= of the Society for Endocrinology, No. 11.) 92 in. x 7} in. (25 em. 

9cm.). Pp. x+173+8 plates. (Cambridge : At the University Press, 
ine Cloth 40s. net. ; Paper 25s. net.* 

LFF, Eugene. , Anatomy of the Eye and Orbit, including the Centra! 
Connections, D and Comparative Anatomy of the Visual 
Apparatus. Fifth by Prof. R J. Last. 10 in. x 7} in. 
19 cm.). Pp. vii+500. (London : H. K. Lewis and Co., itd., 1) 

net. 


Anthropology : Archeology 


DAVIES, O. Archzology in Ghana. 9} in. x 7} in. (25 cm. x 18-5 cm.). 
Pp. iii+45+4 plates. (Edinburgh and London : Nelson and Sons, 
“+. . Published on behalf of the University College of Ghana.) 

's. 6d. net. 

OAKLEY, Kenneth P. Man the Tool-Maker. Fifth edition. in. 
5 in. (21- 5 cm. x Mary Pp. V+98+2 plates. (London : British Museum 
196 4s.* 

NNUAL REVIEW OF THE BRITISH SCHOOL AT ATHENS, No. 
55, 1960. 10 in. x7} i “5 cm.x 19 cm.). Pp. x+238+59 plates. 
(London : British Schoo! at Athens, 1961.) 63s. net. 


Philosophy : Psychology 

FESSARD, A., GERARD, R. W., KONORSKI, J., and DELAFRESNAYE, 
J. F. (edited by). Brain Mechanisms and Learning : a Symposium. (Organ- 
ized by the Council for International Organizations Medical Sciences.) 
9in. x 6in. (23 cm. x 15-5 em.). Pp. xiv+702. (Oxford : Blackwell Scienti- 

fic Publications ; Springfield, Ill. : Charles C. Thomas, 1961.) s 
FOTHERGILL, Philip G. Evolution and Christians. 82 in. x5? in. 
.). Pp. xix+395+ 15 plates. (London : Longmans, Green 
and Co., Led., 1961.) 42s. net.* 
LINDGREN, Henry Clay, and BYRNE, Donn. Psychol : an Introduc- 
tion to the Study of Human Behavior. 10} in. x 7? in. a us.x 19-5 cm.). 
- xi +429. (New York and London : John Wiley and Sons, Inc., 1961.) 


MACKEITH, Ronald, and SANDLER, Joseph (edited by). Psychosomatic 


pects of Paediatrics : ae Group of the Society for losomatic 
Research held at the Royal College of Physicians, May 1 1959. in. x7 in. 
(London and New York: Pergamon 


(26 cm.x 18 cm.). Pp. xiv+155. 
Press, 1961.) SOs. net.* 

MURPHY, Gardner, and BALLOU, Robert O. (compiled and edited by). 
William James on Psychical Research. 8} in. x in. (21-5 cm. x 14 cm.). 
Pp. viii+-339. (London : Chatto and Windus, Ltd., 1961.) 30s. net.* 

WERTHEIMER, Max. Productive ae Enlarged edition. Edited 
by Michael Wertheimer. 8? in. x - 22 om.x 15 = xvi+302. 
(London : Tavistock Publications (1! 9), Led., 1961.) 28s. 


Miscellany 


DENT, H.C. Universities in Transition. 7} in. x5 in. (19 cm. 12-5 
cm.). Pp. 176. (London : Cohen and West, Led., 1961.) 15s. net.* 
FARNDALE, James. The Day Hospital Movement in Great Britain : 
an Analysis and Description of Day Hospitals and Day Centres with special 
reference to ase and Geriatric Day Hospitals visited in 1958-9. 
94 in. x 6} in. 5cm.x 16cm.). Pp. xvii+430. (London and New York : 
on Press 1961. ) 84s. net.* 
DEL, S. (edited by). A Modern Russian Reader for Technical 
in cm. x 15 cm ix+ ondon an ew H ion 
Press, 1961.) 35s. net.* _— 
FURNEAUX, W.D. The Chosen Few : an Examination ror Aspects 
of University Selection in Britain. 8} in. x 53 in. (22 cm.x 15 cm.). Pp. 
xxvi+245. (London : Oxford University Press, 1961. Published for the 
Nuffield Foundation.) 25s.* 
LAPAGE, G . Art and the Scientist. 10 in. x7} in. (25-5 en. . 
19 cm.). “at xti+115+22 plates. (Bristol : John Wright 3 Sons, Led., 


SNOW, Sir Charles. Science and Government. (The Godkin Lectures 
at Harvard 1960.) 7} in.x5 in. (165 cm.x 12-5 em.). Pp 
vi-+-88. (London : Oxford University Press, 1960.) 9s. 6d. net.* 

THE DESIGN OF RESEARCH LABORATORIES: The Report of a 
Study carried out by the Division for Architectural Studies of the Nuffield 
Foundation. 12 in. x 8} in. (30-5em. x 21-5em.). (London and New York : 

lord University Press, 1961.) 45s. net.* 

THE WORLD OF LEARNING, 1960-61. Eleventh edition. 10 in. x 

8 in, (25°5 cm. x 20 cm.). Pp. xiv+1282. (London : Europa Publications, 
Led., 1961.) 140s. net.* 


| 
elxvii 
Speee 
setts, 
(New i 
shers, 
ndited 
thing 
in. x 
Press, 
utical 
cm. “ras 
42s, Ad 
ol. 2, 
Value 
em.). 
Hall, 
me 
i 
j 
\ 
~ 
ri 
= 


elxviii NATURE October 28, 196] 


INTERSCIENCE PUBLISHERS 


PHARMACEUTICAL ANALYSIS 


edited by TAKERU HIGUCHI, School of Pharmacy, University of Wisconsin, 
and EINAR BROCHMANN-HANSSEN, Prof. of Analytical Chemistry, School of Pharmacy, University of California 


This volume is the result of a combined effort to fill the gap that 
has long existed in the field of pharmaceutical and analytical literature. 
In devising specific methods that are suitable for accurately determ- 
ining small amounts of potent drugs in bulk and dosage forms 
analytical research workers have relied largely upon personal experi- 
ence and ingenuity. Official compendia, although of great value, are 
not particularly helpful in developing new methods. Specifically, this 
book gives selected methods currently used by some of the leading 
pharmaceutical firms in America, and the rationale behind them. 
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ydroxybenzoic Acids 
Carbohydrates and Glycosides 
Steroids 
Sulfonamides and Sulfones 
Derivatives of Castemnie As Acid and Urea 
Alkaloids Other Basic Ni Com; 

Nitrogenous Pounds 

The Antipyretic Analgesics 
10. Antibiotics 
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THE CHEMISTRY AND 
MODE OF ACTION OF HERBICIDES 


by A.S.“CRAFTS, Department of Botany, University of California. 


Herbicides, used in relatively small quantities for over a half century, 
have within the past decade become of great importance in the agricul- 
tural chemical field. Evidently growth in this field will continue for a 
number of years ; new and more effective herbicides will undoubtedly 
come into use. It is hoped that this volume will serve as a textbook and 
reference source for the many workers engaged in herbicide research. 


Introduction 


Selective Herbicides 

Nonselective Herbicides 

The Physiology of Herbicidal Action 
The Chlorophenoxy Herbicides 

The Carbamate Herbicides 

The Substituted Ureas 

The Symmetrical Triazines 

10. The Chloroacetamide Herbicides 

11. Chlorinated Aliphatic Acids 

12. Chlorobenzoic Acids. 
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16. Endothal and the Alanaps 
27 figures 17. Additional Herbicides 
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ADVANCES IN PEST CONTROL RESEARCH 
edited by R. L. METCALF, Citrus Experiment Station, University of California. 


The subject matter of this series is selected from recent significant research trends related to all trol, 
with emphasis on the fundamental aspects. on re 0 all phases of pest con 


VOL. I. 1957, 522 pages, 11 figures, 13 tables. 102/- VOL. Ill. 1960, 456 pages es, 60 tables. 109/- 
I. 1959, 434 pages, 110 figures, 43 tables. 102/- IV. 1961, 356 = 33 res, 45 tables. 94/- 


INTERSCIENCE PUBLISHERS LIMITED 


ing 
ma 
R.| 
Sir 
(Pr 
Pre 
Soi 
Se 
Sor 
Ap 
vid 
( 
to 
Ro 
St 
Fre 
Ma 
Ma 
An 
ane 
Pp. 
75 
Pre 
dol 
Sta 
132 
' 
Ap 
Bre 
and 
Pp. 
j Fur 
iai 
Dis 
Box 
Lor 
Herbicides T 
Vol 
Aca 
196 
: mai 
xi-+ 
Un 
lich 
ZH 
A 
Mor 
4 (23 
Inc. 
16 « 
8.5 
B 
| and 
Pre: 
doll 
B 
Abs 
and 
Johi 
Con 
Uni 
80s. 


9/- 


November 25, 1961 


NATURE 


ecexliii 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘‘Nature’’ Office 


Mathematics 


ALLENDOERFER, Car! B. (edited by). Differential Geometry : Proceed- 
s of the Third Symposium in Pure Mathematics of the American Mathe- 


; ty held at the University of Arizona, Tucson, Arizona, February 
in. x7 in. (25:5 em. x 18 cm.). Pp. vii+200. (Providence, 


|. American Mathematical Society, 1961.) 7-60 dollars.* 

‘BIRKHOFF, Garrett. Hydrodynamics: a Study in Logic, Fact and 
Similitude. Revised edition. 9} in. x 6} in. (24cm. 16cm.). Pp. xi+ 184. 
iPrinceton, N.J. : Princeton University Press; London : Oxford University 
Press, 1960.) 42s. net.* 

. Introduction to Geometry. 9} in. x 6} in. (24cm. 

16 cm.). Pp. xiv+443. (New York and London: John Wiley and 
Sons, Inc., 1961.) 80s.* 

DILWORTH, R. P. (edited by). Lattice Theory: Proceedings of the 
Second Symposium in Pure Mathematics of the American Mathematical 
Society held at the U.S. Naval Postgraduate School, Monterey, California, 
April 16-18, 1959 10 in. 7 in. (25-5 cm.» 18em.). Pp. viii +208. (Pro- 
vidence, R.1.: American Mathematical Society, 1961.) 6.30 dollars.* 

GNEDENKO. %. V., and KHINCHIN, A. Ya. An Elementary Introduction 
to the Theory ef Probability. Translated by W.R. Stahl. Edited by J. B. 
Roberts. (A Series of Undergraduate Books in Mathematics.) 8 in. » 
5} in. (20 cm. 13 cm.). Pp. v +137. (San Francisco and London : W. H. 
Freeman and Company, 1961.) 1.75 dollars; 10s.* 

JAKOBSON, Roman (edited by). ‘Scructure of Language and Its 
Mathematical Aspects : Proceedings of the Twelfth Symposium in Applied 
Mathematics held in New York City, April 14-15, 1960. (Sponsored by the 
American Mathematical Society ; the Association for Symbolic Logic ; 
and the Linguistic Society of America.) 10 in. x7 in. (25-5 cm. x 18 cm.). 
Pp. vit+279. (Providence, R.1.: American Mathematical Society, 1961.) 

dollars. * 

, PANE. Thomas R. Analytical Elements of Mechanics. Vol.2 : Dynamics. 
83 in. « S$ in. (21-5 cm. > 14.cm.). Pp. xvi+337. (New York : Academic 
Press, Inc.: London : Academic Press, Inc. (London), Ltd., 1961.) 6.25 

llars.* 

SCENDALL, Maurice G., and STUART, Alan. The Advanced Theory of 
Statistics. Vol. 2: Inference and Relationship. 10 in. x 7} in. (25-5 cm. » 
18-5 em.). Pp. ix+676. (London: Charles Griffin and Co., Led., 1961.) 
132s. net.* 

EIN. Lewis (edited by). Dispersion Relations and the Abstract 
Approach to Field Theory. (International Science Review Series, Vol. |.) 
9} in. x6 in. (23°5 em. x 15-5 cm.). Pp. x+273. (New York : Gordon and 
Breach, Publishers, Inc., 1961.) 4.95 dollars.* 

LAMBE, C. G.,and TRANTER, C.J. Differential Equations for Engineers 
and Scientists. (Physical Science Texts.) 8}? in. x 5} in. (22 cm. 14 cm.). 
Pp. xi+372. (London : English Universities Press, Ltd., 1961.) 30s. net.* 

MEDGYESSY, Pal. Decomposition of Superpositions of Distribution 
Functions. 9} in. x 6} in. (24cm. 17 cm.). Pp. 228. (Budapest : Akadém- 
iai Kiadé, Publishing House of the Hungarian Academy of Sciences, 1961. 
Distributed by Kultura, P.O. B.149.) n.p.* 

STOLL, Robert R. Sets, Logic and Axiomatic Theories. (Golden Gate 
Books.) 8 in. «54 in. (20 cm. 14 cm.). Pp. x+206. (San Francisco and 
London : W.H. Freeman and Company, 1961.) 2.25 dollars; 12s. 6d.* 

THOMAS, Tracy Y. Plastic Flow and Fracture in Solids. (Mathematics 
in Science and Engineering: a Series of Monographs and Textbooks, 
Vol. 2.) 9 in. x6 in. (23 cm. 15-5 cm.). Pp. ix+267. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. (London), Led., 
1961.) 68s.* 

VON NEUMANN, John. Continuous Geometry. (Princeton Mathe- 
matical Series, No. 25.) 9} in.x6} in. (23-5 e.m x16 cm.). Pp. 
xi +299. (Princeton, N.J.: Princeton University Press ; London : Oxfor 
University Press, 1960.) 45s. net.* 

WALDAL, P. Das Sieb des Eratosthenes : Eine Studie iiber die Natiir- 
lichen Zahlen. 9} in. x 6} in. (24 cm. x 16.5 cm.). Pp. 86. (Dielsdorf 
ZH: H. Akerets Erben AG., 1961.) n.p.* 


Physics 


ALLER, Lawrence H. The Abundance of the Elements. (Interscience 
Monographs and Texts in Physics and Astronomy, Vol. 7.) 9} in. 6} in. 
(23-5 em.« 16 cm.). Pp. xi+283. (New York: Interscience Publishers, 
Inc. ; London : Interscience Publishers, Ltd., 1961.) 10 dollars.* 

ANDREWS. Howard L. Radiation Biophysics. 9} in. x 6} in. (23-5 cm. » 
\6cm.). Pp. xii+328. (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1961.) 
8.50 dollars. * 

BATES, D. R. (edited by). Quantum Theory. Vol. !: Elements. (Pure 
and Applied Physics : a Series of Monographs and Textbooks, Vol. 10—!.) 
in. x 6} in. ‘23-5 cm. x 16 cm.). Pp. xv+447. (New York: Academic 
- » Ine. ; London : Academic Press, Inc. (London), Ltd., 1961.) 10 

jars. 

BULLOFF, J. J., and PEET, C. S. (edited by). Semiconductor Abstracts : 
Abstracts of Literature on Semiconducting and Luminescent Materials 
and Their Applications, Vol. 6, 1958 Issue. Compiled by Battelle Memorial 
institute, under the auspices of the Electrochemical Society, Inc. !1} in. » 
8} in. (28-5 cm. «21-5 cm.). Pp. xii+528. (New York and London: 
John Wiley and Sons, Inc., 1961.) 112s.* 

DUCKWORTH, H. E. (edited by). Proceedings of the International 
Conference on Nuclidic Masses, McMaster University, Hamilton, Seotember 


12-16, 1960. 9} in. x 6} in. (24 cm.» 16-5 em.). Pp. xi+540. (Toronto : 
7 of Toronto Press ; London: Oxford University Press, 1960.) 
. net. 


FEOFILOV, P. P. The Physical Basis of Polarized Emission. Authorized 
translation from the Russian. 8} in. 5? in. (21-5 15 em.). Pp. 
xii+274. (New York : Consultants Bureau, Inc., 1961.) 12.50 dollars.* 

GODBOLE, R. D., MAHAJAN, M. G.,and GUPTE, R.D. A First Course 
in Physics, with Supplementary Exercises. 8} in. « 5} in. (22 cm. 15 cm.) 
Pp. viiit+400+36. (Bombay : The Model Publishing House, 1961.) Rs. 9.* 

GOLDSMITH, Alexander, WATERMAN, Thomas E.,and HIRSCHHORN), 
Harry J. Handbook of Thermophysical Properties of Solid Materials. Vol. |: 
Elements (Melting Temperature above 1000°F.) Revised edition. !1?in.» 
9 in. (30 cm. x 23 cm.). Pp. vi+758. (London and New York : Pergamon 
Press, 1961.) £33 per set of five volumes. 

GOMER, Robert. Field Emission and Field lonization. (Harvard Mono- 
graphs in Applied Science, No. 9.) 8} in. x 5? in. (21 cm.x 15 cm.). Pp. 
x+195. (Cambridge, Mass. : Harvard University Press ; London : Oxford 
University Press, 1961.) 36s. net.* 

HARRISON, W. A., and WEBB, M. B. (edited by). The Fermi Surface : 
Proceedings of an International Conference held at Cooperstown, New 
York, August 22-24, 1960. Sponsored by Air Force Office of Scientific 
Research, Air Research and Develop c d; and the General 
Electric Research Laboratory, Schenectady, New York. II} in. x84 in. 
(28:5 cm. 21-5em.). Pp. xv +356. (New York and London : John Wiley 
and Sons, Inc., 1960.) 

HELLUND, E.J. The Plasma State. 9} in. x 6} in. (23-5 cm. 16 cm.). 
Pp. vii+197. (New York: Reinhold Publishing Corporation ; London : 
Chapman and Hall, Ltd., 1961.) 52s. net.* 

HESSE, Mary B. Forces and Fields : The Concept of Action at a Distance 
in the History of Physics. 9} in. 6} in. (24 em. 16 cm.). Pp. x+318. 
(Edinburgh and London : Thomas Nelson and Sons, Ltd., 1961.) 35s. net.* 

HIGAS!, K. Dielectric Relaxation and Molecular Structure. (Mono- 
graph Series of the Research Institute of Applied Electricity, No.9.) !0in.« 
7} in. (25-5 cm. x 18-5 cm.). Pp. iii+113+¥. (Sapporo: Research Insti- 
tute of Applied Electricity, Hokkaido University, 1961.) n.p.* 

HILSUM, C., and ROSE-INNES, A.C. Semiconducting III-V Compounds. 
(International Series of Monographs on Semiconductors, Vol. 1.) 9 in.» 
6 in. (23 cm. x 15-S5cm.). Pp.ix+239. (London and New York : Pergamon 
Press, 1961.) 60s. net.* 

HOUWINK, A. L., and SPIT, B. J. (edited by). Proceedings of the 
European Regional Conference on Electron Microscopy, Delft, 1960. Vol. | : 
Pp. i-xvi+ 1-608. Vol.2: Pp. xvii-xxviii+609-1075. } in. x 7in. (25 em. 

< 18 cm.). (Delft : Nederlandse Vereniging voor Electr ier pi 
1961.) 135 florins the two volumes.* 

HUBER, P., and MEYER, K. P. (edited by). Proceedings of the Inter- 
national Symposium on Polarization Phenomena of Nucleons, Basle, 4-8 
July, 1960. (Helvetica Physica Acta, Supplementum VI.) 9in. x 6in. (23 cm. 
~ 15-5 cm.). Pp. 436. (Basel and Stuttgart: Birkhauser Verlag, 1961.) 
65 francs ; 65 D.M.* 

LACHMANN, G. V. (edited by). Boundary Layer and Flow Control : 
Its Principles and Application, Vol. |. 9} in. x 6} in. ‘5 cm. x 16 em.). 
Pp. xii+600. (London and New York: Pergamon Press, 1961.) 210s. 
net the set of two volumes.* 

LINHART, J. G. Plasma Physics. (Series in Physics.) 9 in. x6 in. 
(23 em. 15-5 em.). Pp. xi+278. (Amsterdam : North-Holland Publish- 
ing Company ; New York : Interscience Publishers, Inc., 1960.) 50s.* 

MARTON, L. (edited by). Assisted by MARTON, Claire. Advances in 
Electronics and Electron Physics, Vol. 14. 9} in. x 6} in. (23-5 em. x 16 cm.). 
Pp. x+341. (New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1961.) 11 dollars.* 

MAUK, Charlotte E., ROSENFELD, Arthur H., and WAKERLING, R. K. 
(edited by). Proceedings of an International Conference on Instrumenta- 
tion for High-Energy Physics, held at the Ernest O. Lawrence Radiation 
Laboratory, Berkeley, California, September 12, 13 and 14, 1960. 10} in. » 
8} in. (26-5 cm.x21 cm.). Pp. xvii+32!. (Berkeley, Calif.: University 
of California, 1961. Distributed by Interscience Publishers, New York 
and London.) 10 dollars.* 

NOVOZHILOV, V. V. Theory of Elasticity. Translated from the 
Russian by J. K. Lusher. 84 in.» 5} in. (21-5 cm. 14 cm.). Pp. xii+448. 
(London and New York : Pergamon Press, 1961.) 80s. net.* 

RADFORD, John Ernest. Nuclear Energy Simplified. 8}? in. 5? in. 
(22cm. 1Sem.). Pp.ix+141. (London : Macdonald and Co. (Publishers), 
Lted., 1961.) 28s. net.* 

SLATER, David (edited by). Advances in Electron Tube Techniques: 
Proceedines of the Fifth National Conference, September, 1960. I1} in. = 
8} in. (28-5 cm. 22 cm.). Pp. viii+235. (London and New York : Perga- 
mon Press, 1961.) 100s. net.* 

SUITS, C. Guy, and WAY, Harold E. (edited by). The Collected Works 
of Irving Langmuir, with Contributions in Memoriam including a Complete 
Bibliography of his Works. Vol. 6: Structure of Matter. 10 in. 7 in. 
(25-5 cm. x 18 cm.). Pp. xxxiv+305. (London and New York : Pergamon 
Press, 1961.) 100s. net.* 

THEWLIS, J. (edited by). In association with GLASS, R. C., HUGHES, 
D.J.,and MEETHAM, A.R. Encyclopaedic Dictionary of Physics : General, 
Nuclear, Solid State, Molecular. Chemical, Metal and Vacuum Physics, 
Astronomy, Geophysics, Biophysics and Related Subjects. Vol. 1: A to 
Compensated Bard. in. <7} in. (25-5 19 cm.). Pp. xv+800. 
(London and New York: Pergamon Press, 1961.) £100 or 300 dollars per 


set.* 

THOULESS, D. J. The Quantum Mechanics of Many-Body Systems. 
(Pure and Applied Physics : a Series of Monographs and Textbooks, Vol. 
: London: Academic Press, Inc. (London), Led., 1961.) 5.50 
dollars.* 

TOBOCMAN, W. Theory of Direct Nucloar Reactions. (Oxford Library 
of the Physical Sciences.) 84 in.» 54 in. (21-5 14 em.). Pp. v+103. 
(London : Oxford University Press, 1961.) 15s. net.* 


| 
| 
| 
is 
omer. 
Silver, 
ntain- 
| 
| 
ides | = 
% 
rol, 
) 
5 
A 
J 
XUM 


ecexliv 


WOLF, E. (edited by). Progress in Optics, Vol. 1. (Series in Physics.) 
9 in. 6} in. Q3 cm. 16 cm.). Pp. xii+342. (Amsterdam: North- 
Holland Publishing Company, 1961.) 70s.* 

WRIGHT, J. K. Shock Tubes. (Methuen's Monographs on Physical 
Subjects.) 7) in.x5 in. 125 cm.). Pp. vii+ 164. (London : 
Methuen and Co., Ltd. ; New York: John Wiley and Sons, Inc., 1961. ) 
13s. 6d. net.* 

ZAIDEL’, A.N., PETROV, A. A.,and VEINBERG, G.V. Spectral-lsotopic 
Method for the Determination of Hydrogen in Metals. Translated by A. 
Behr. Edited by G. E. Gardam. 8] in. x5} in. (22 cm. 15 cm.). Pp. 
xix+100. (London: Butterworth and Co. (Publishers), Ltd., 196/. 
Published in association with the Department of Scientific and Industrial 
Research, 1961.) 30s.* 


Engineering 


BIKERMAN, J.J. The Science of Adhesive Joints. 8} in. 5} in. (21 cm. x 
14 em.). Pp. viii+258. (New York: Academic Press, Inc. ; London : 
Academic Press, Inc. (London), Ltd., 1961.) 8 dollars ; 64s.* 

HEIKES, Robert H., and URE, Jr., Roland W. Thermo-electrici 
Scionce and Engineering. 9 in. x6 in. (23 cm.x 15-5 cm.). Pp. xi+576. 

New York: Interscience Publishers, Inc. 3 New York: Interscience 
blishers, Led., 1961.) 18.50 dollars ; 139s.* 

LANGMUIR, ‘David B., STUHLINGER, Ernst, and SELLEM, Jr., J. M. 
(edited by). Electrostatic Propulsion : a Selection of Technical ‘Papers 
based mainly on a Symposium of the American Rocket Society -, at U.S. 
Naval Postgraduate School, Monterey, California, November 3, 960. 
(Progress in Astronautics and Rocketry, Vol. 5.) 9% in. x in. cm. x 
16 cm.). Pp. xi+579. (New Lay Academic Press, Inc.; London : 
Academic Press, Inc. (London), Ltd., 1961.) 46s.* 

MOORE, C. K., and SPENCER, * J. Electronics : a Bibliographical 
Guide. 10 in.«7} in. Q5-5 cm.x 19 cm.). Pp. xvii+4l!. (London : 
Macdonald and Co. (Publishers), Lted., 1961.) 65s. net.* 

RIEGELS, Freidrich Wilhelm. Aecrofoil Sections : Results from Wind- 
Tunnel Investigations, Theoretical Foundations. Translated from the 
German by D. G. Randall. 11 in. x 8} in. (28 cm.x 2! cm.). Pp. xi+28!. 
(London : Butterworth and Co. ean Led., 1961.) 200s.* 

SHEWMON, P. G., and ZACKAY, V. F. (edited by). Response of Metals 
to High Velocity Deformation. (Metallurgical Society Conference, Vo!. 9.) 
9} in. x 6} in. (23 Sem. 16cm.). Pp. xii+491. (New York : Interscience 
Publishers, Inc. ; London : Interscience Publishers, Ltd., 1961.) !8 dollars.* 

SOLODOVNIKOV, V. V. Automatic Control and Computer Engineer- 
ing, Vol. 1. Translated from the Russian by J. Yeoman. Translation edited 
by Or. T. Prasad. 10 in. x 6} in. (25-5 cm. 16cm.). Pp.ix+502. (London 
and New York: Pergamon Press, 1961.) 100s. net.* 

SPATH, Wilhelm. Impact Testing of Materials. Revised and adapted 
by M. E. Rosner. 8} in. x 5}? in. (22 cm.» 1S cm.). Pp. 213. (London : 
Thames and Hudson, Ltd., 1961.) 25s. net.* 


Chemistry : Chemical Industry 


ANFINSEN, Jr., C. B., ANSOM, M. L., BAILEY, Kenneth, and EDSALL, 
John T. Advances in Protein Chemistry, Vol. 15. 9} in. x 6} in. (23-Sem. x 
16 cm.). Pp. x+447. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1960.) 13 dollars ; 93s.* 

BERGEL, Franz. Chemistry of Enzymes in Cancer. (A Monograph in 


American Lectures in Living Chemistry.) 9} in.» in. Q3-5 cm.x 
16 cm.). Pp. xi+122. (Springfield, I!!.: Charles C. Thomas ; Oxford : 
a Publications, 1961.) 44s.* 

CARTER, F. W. Miscellaneous Topics and Worked les in Ad d 


Level 8} in. in. (21-5 em. x 13 cm.). iv+60. (London : 
Heinemann Educational Books, Led., 1961.) 3s. 6d.* 

FOX, Brien A., and CAMERON, Allan G. A Chemical Approach to Food 
and Nutrition. 8} in. x52 in. (22 cm.» 15 cm.). Pp. 326. (London : 
University of London Press, Led., 1961.) 30s. net.* 

FRIEDLINA, R. Kh., and KARAPETYAN, Sh. A. Telomcrization and New 
Synthetic Materials. Translated from the Russian by Margaret F. Mullins. 
Translation edited by B. P. Mullins. 8} 5} in. (22 15 cm.). 
Pp. x+102. (London and New York : Pergamon Press, 1961.) 25s. ner.* 

FRIESS, S. L., LEWIS, E. S., and WEISSBERGER, A. Investigation of 
Rates and Mechanisms of Reactions. Second completely revised and aug- 
mented edition. (Technique of Organic Chemistry, Vol. 8, Part 1.) 
9} in. x 6} im. (23-5 cm. x 16 cm.). Pp. xii+702+11. (New York : Inter- 
science Publishers, Inc.; London: Interscience Publishers, Led., 1961.) 
23.50 dollars.* 

GERRARD, W. The Organic Chemistry of Boron. 9 in. x 6 in. (23 em. x 
cm.). Pp. x+308. (London: Academic Press, Inc. (London), Ltd. ; 
New York : Academic Press, Inc., 1961.) 55s.* 

IVES, David J. G., and JANZ, George J. (edited by). Reference Elec- 
trodes: Theory and Practice. 9} in. x 6} in. (23-5 cm.» 16 cm.). Pp. 
xi+65!1. (New York : Academic Press, Inc. ; London : Academic Press, 
Inc. (London), Led., 1961.) 20 doliars.* 

JOHNSTONE, Norman B. B., and DOWNIE, Thomas C. Titrimetric 
Analysis : an Introductory Course. 8? in. 5} in. (22 cm. 15 cm.). Pp. 
186. (London : University of London Press, Ltd., 1961.) 13s. 6d. net.* 

KAUFMAN, Herbert C. Handbook of Organometallic Compounds. 
92 in. x 6} in. (25 cm. « 17 cm.). Pp. iv+1546. (Princeton, NJ.: D. Van 
Nostrand Company, Inc.; London: D. Van Nostrand Company, Ltd., 
1961.) 169s.* 

KNAPMAN, C. E.H. (edited by). Assisted by SCOTT, C.G. Gas Chroma- 
tography Abstracts 1960. Sponsored by the Gas Chromatography Discus- 
sion Group, (Associated with the Hydrocarbon Research Group of 
the Institute of Petroleum.) 10 in. x 6} in. (25-5 em. 16 cm.). Pp. xi+ 
200. (London : Butterworth and Co. (Publishers), Ltd., 1961.) 42s.* 

KORTUM, G., VOGEL, W., and ANDRISSOW, K. Dissociation Con- 
stants of Organic Acids in Aqueous Solution. (international Union of Pure 
and Applied Chemistry : Section of Analytical Chemistry—Commission 
on Electrochemical Data.) Reprinted from Pure and Applied Chemistry, 
Vol. 1, Nos. 2-3. 10 in. x 6} in. (25-5 cm. 16 cm.). Pp. iv-+ 189-536+ 


xxii. (London : Butterworth and Co. (Publishers), Led., 1961.) 50s.* 
LAWSON, Katheryn E. 
in. x 6} im. (23-5 cm. x 16 cm.). Pp. vii+200. 


Infrared Absorption of Inorganic Substances. 
(New York : Reinhold 
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ome Corporation ; London : Chapman and Hall, Ltd., 1961.) sq 


“ARKLEY, K.S. (edited by). Fatty Acids : Their Chemistry, P 
Production and Uses, Part 2. Second completely revised and aug 
edition. (Fats and Oils: a Series of Monographs on the aon we 
be et te of Fats, Oils and Related Products.) 9} in. x 6} in. (23-5 em, 

16 cm.). Pp. ix+715-1485. (New York: Interscience Publishers, = 
London : Interscience Publishers, Ltd., 1961.) 27.50 dollars.* 

MOILLIET, J. L., COLLIE, B., and BLACK, W. Surface Activity : The 
Physical Chemistry, Technical Applications, and Chemical Constitution of 
Synthetic Surface-Active Agents. Second edition, revised and enlarged. 
10 in. x 6} in. (25-5 em. oh, cm.). Pp. xvi+518. (London: E. and F. N. 
Spon, Ltd., 1961.) 75s. ne 

RIBEIRO, L. PR. MITIDIERI, E.,and AFFONSO, O.R. Paper Electrophore 
sis: a Review of Methods and Results. 9 in. x 6 in. (23 em. x 15-5 em,), 
Pp. xii+463. (Amsterdam : Cr Publishing Company ; London - 
D. Van Nostrand Company, Ltd 1.) 72s.* 

SOVIET RESEARCH IN CATALYSIS. 1957-1958. Part 1: Theoretic) 
and Sundry Associated Effects. Pp. xi+ 1-464. 50 dollars. Part 2 (aang 
b): General. Pp. viii+465-846+ viii+ 847-1224. 80 dollars. Part 3: 
Reduction, Oxidation, Fischer-Tropsch. Pp. iv+1!225-1312. 10 
Part 4: Hydrogenation, Cracking. Pp. iv+1313-1428. : 
Part 5 : Isomerization, Alkylation. Pp. v+ 1429-1590. 17.50 dollars, Part 
6: Polymerization, Friedel-Crafts, Ziegler. Pp. v+ 1591-1700. 12 dollars. 
Complete collection 170 dollars. In English Translation. (Chemistry 
Collection Series.) 1032 in. x 8} in. (27 cm.x21-5 cm.). (New York: 
Consultants Bureau, Inc., 1961.)* 

STACEY, M., TATLOW, J. C. ane SHARPE, A. as oe by). Advances 
in Fluorine Chemistry, Vol. 2. in. x 6} in. “3 cm. x 16 cm.). Pp, 
iv+220. (London : Butterworth Co. tublishers), Led., 1961.) 455+ 

SURREY, Alexander R. Name Reactions in Organic Chemistry. 
edition, revised and enlarged. 9 in. x 6 in. 15-5 cm.). Pp. x4 
278. (New York: Academic Press, Inc. London: Academic Press, 
Inc. (London), Ltd., 1961.) 8 dollars ; 64s.* 

THERMODYNAMICS : Proceedings - of the Symposium on Thermo 
dynamics held in Fritzens-Wattens, Austria, August 1959. Guncrentin 

nion of Pure and Applied Chemistry : Section of Physica! Chemistry 
¢ on Ch Thermodynamics.) Pure ond 
Applied Chemistry, Voi. 2, Nos. 1-2. 10 in. x 6} in. 16 cm,). 
ii+338. (London: Butterworth and Co. 1961.) 


FOLLINGER, Heinrich. Azo and Diazo Chemistry : Aliphatic and 
Aromatic Compounds. Translated by Harry E. Norsten. 93 in. x 62 in. 
(25 cm. x 17 cm.). Pp. 444. (New York: Interscience Publishers, Inc. 
London : Interscience Publishers, Ltd., 1961. ) 16.50 dollars.* 


Technology 


BORODULIN, G. M. The Use of Oxygen in the Electrometallurgy?o 
Steel. Translated from the Russian by G. F. Modlen. Translation editor : 
H. T. Protheroe. 8} in. x 5} in. (22 cm. is cm.). Pp.viiit+112. (London 
and New York : Pergamon ‘Press, 1961.) SOs. nec.* 

FUEL ELEMENT "a" = WITH SPECIAL EMPHASIS ON CLAD. 
DING MATERIALS, Vol. (Proceedings of a Symposium held in Vienna, 
May 10-13, 1960.) 10 x in. (25:5 cm. x 16:5 cm.). Pp. xi+538. 
(London : Academic Press, Inc. (London), Ltd. ; New York: Academic 
Press, Inc., 1961. Published for the International Atomic Energy Agency.) 


GSCHNEIDNER, Jr., Kar! A. Rare Earth Alloys : a Critical Review of 
the Alloy Systems of the Rare Earth, Scandium and Yttrium Metals. (Pre 
pared under the auspices of the Office of Technical Information, United 
States Atomic Energy Commission. ) in.» 6} in. (23-5 cm. 16 em.). 
Pp. xiii+449. (Princeton, N.J. : D. Van Nostrand Company, Inc. ; London: 
D. Van Nostrand Company, Ltd., 1961. ) %6s.* 

HAMPEL, Clifford A. (edited by). Rare Metals Handbook. Second 
edition. 10 in.x7 in. (255 cm.x 18 cm.). Pp. xvi+715. (New York: 
Reinhold Publishing Corporation; London: Chapman and Hall, Led. 
1961.) 160s. net.* 

KRISHNAN, R. M. (edited by). Symposium on Pilot Plants in Metal- 
lurgical Research and Development, held at the National Metallurgical 
Laboratory, Jamshedpur, India, February [5th to 8th, 1960. (Organized 
by the National Metallurgical Laboratory, Council of Scientific and Industrial 
Research, Jamshedpur.) 10? in.» 9 in. (27 cm.x 23 cm.). Pp. 304. (Cab 
cutta: The Technical Journals of india Private, Led., 1960.) n.p.* 


General Biology : Natural History 
Zoology : = 


ALLAN, H.H. Flora of New Zealand. Vol.! : Indi Trach y 
—Psilopsida, Lycopsida, Filicopsida, oa Dicotyledons. 8} in. 
= 52 in. (21-5 cm. x 15 cm.). Pp. liv+ 1085. (Wellington : Government 
Printer, 1961.) 105s.* 

ANDREWS, Jr., Henry N. Studies in Paleobotany. With a chapter on 
Palynology by Charles J. Felix. 9 in. x 6 in. (23 em. « 15-5 cm.). Pp. 
— (New York and London: John Wiley and Sons, Inc., 1961.) 


ASHBY, Maurice. Introduction to Plant Ecology. 8} in. « 5} in. (22 cm. 
x15 em.). Pp. viit+249. (London: Macmillan and Co., Led.; New 
York : St. Martin's Press, Inc., 1961.) 25s. net.* 

BIRCHON, D. Optical Microscope Technique. (Newnes Practical 
Science Books.) 8? in. 5}? in. (22 cm.x 15 em.). Pp. x+275+24 plates. 
(London : George Newnes, Led., 196!.) 60s. net.* 

BRAUNER, Leo, and BUKATSCH, Franz. Das Kleine Pflanzenphysic 
logische Praktikum : Anleitung zu Bodenkundlichen und Pflanzenphysio- 
logischen Versuchen fir Hoch-, Ober- und Fachschulen. 6 Auflage. 9% in. 
«7 in. 24 em. « 18 cm.). Pp. ix+278. (Jena: Gustav Fischer Verlag, 
1961.) 2660 D.M 

BUXBAUM, ol Die Entwicklungslinien der Tribus Pachycereae—f. 
Buxb. (Cactaceae-Cereoideae). (Botanische Studien, Heft 12.) 9% in.* 
6? in. (24 em.x 17 cm.). Pp. v+107. (Jena: Gustav Fischer Verlag, 
1961.) 15.50 D.M.* 
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CHAMBERS, Robert, snd CHAMBERS, Edward L. Explorations into the 


Nature of che Living Ceil. 9 in. x 6} in. (24 cm.x 16 cm.). Pp. xxiv+ 

352. (Cambridge, Mass. : Harvard University Press ; London: Oxford 

University Press, 1961. Published for the Commonwealth Fund.) 8 dollars ; 


Ae WANDLER, Asa C., 2nd READ, Clark P. Introduction to Parasitology, 
with special reference ta the Parasites of Man. Tenth edition. 9 in. x 
6in. (23 cm. x 15-5 cm.). Pp. xii+822. (New York and London: John 
Wiley and Sons, Inc., 196!.) 78s.* 

CLARK, George L. (edited by). The Encyclopedia of Microscopy. 10% 
in. <7 in. (26 cm. 18 cm.). Pp. xiii+693. (New York: Reinhold Pub- 
lishing Corporation ; London : Chapman and Hail, Led., 1961.) 200s. 


neeLOUDSLEY-THOMPSON, J. L., and SANKEY, John. Land Inverte- 
brates : a Guide to British Worms, Molluscs and Arthropods (excluding 
Insects). 74 in.» Sin. (19 cm.x 12-5 m.). Pp. 156. (London: Mechven 
and Co., Led., 1961.) 16s. net.* : 

CLOWES, F. A. L. Apical Meristems. (Botanical Monographs, Vol. 2.) 
9 in. 6 in. (23 cm. 15:5 cm.). Pp. viiit+217+32 plates. (Oxford : 
Blackwell Scientific Publications, 1961.) 37s. 6d.* ‘ 

COOKE, Giles B. Cork and the Cork Tree. (International Series of 
Monographs on Pure and Applied Biology. Division: Botany, Vol. 4.) 
9 in. x 6 in. (23 cm. 15-5 cm.). Pp. xii+121. (London and New York : 
Pergamon Press, 1961.) SOs. net.* 

CORLISS, John O. The Ciliated Protozoa : Characterization, Classifica- 
tion, and Guide to the Literature. (International Series of Monographs on 
Pure and Applied Biology. Division: Zoology, Vol. 7.) 8} in. x 5} in. 
(22 em. 14 cm.). Pp. xiii+310 (22 plates). (London and New York : 
Pergamon Press, 1961.) 80s. net.* 

DASTUR, R. H., and 7 other authors. Cotton in India : a Monograph, 
Vol.2. x 7h in. (25-5cm. x 19cm.). Pp. viii + 339 + 16 plates. 

bay : Indian Central Cotton Committee, 1960.) Rs. 30; 45s.* 

GRAY, Peter (edited by). The Encyclopedia of the Biological Sciences. 
(Reinhold Books in the Biological Sciences.) in. x 7 in. (26cm. x 18cm.). 
Pp. xxi+ 1119. (New York : Reinhold Publishing Corporation ; London: 
Chapman and Hall, Led., 1961.) 160s. net.* 

GROSS, Ludwik. Oncogenic Viruses. (International Series of Mono- 
graphs on Pure and Applied Biology, Vol. 11.) 9 in.x6 in. (23 em.x 
15-Sem.). Pp. xi+393. (London and New York : Pergamon Press, 1961.) 


. net. 

HANSON, Herbert C., and CHURCHILL, Etchem D. The Plant Com- 
munity. 9} in. x 6} in. (23-5 cm, x 15-5 cm.). Pp. xii+218. (New York : 
Reinhold Publishing Corporation ; London: Chapman and Hall, Led., 
1961.) 40s. net.* 

HARRIS, W. Victor. Termites: Their Recognition and Control. 
8} in. 5? in. (22cm. = 1S em.). Pp. xii+ 187-+65 plates. (London : Long- 
mans, Green and Co., Ltd., 1961.) 40s. nec.* 

HASKELL, P. T. Insect Sounds. (Aspects of Zoology Series.) 9 in. x 
52 in. (23 cm. = 15 cm.). Pp. viiit+ 189+ 13 plates. (London: H. F. and G. 
Witherby, Ltd., 1961.) 30s. net.* 

HEIDELBERGER, Michael, and PLESCIA, Orto J. (edited by). Assisted 
by DAY, Robert A. Immunological Approaches to Problems in Micro- 
biology : Proceedings of a Symposium held at the Institute of Microbiology, 
Rutgers University, September 6-8, 1960. 9} in. 6} in. (23-5 cm.» 16 
cm.). Pp. x+402. (New Brunswick, N.J.: Institute of Microbiology, 
Rutgers University, 1961. Distributed by Rutgers University Press.) 
6 dollars.* 

HICKMAN, Cleveland P. Integrated Principles of Zoology. Second 
edition. 9} 7 in. (25 em. 18 cm.). Pp. 972. (St. Louis: The C.V. 
Mosby Company ; London : Henry Kimpton, Led., 1961.) 57s. 6d.* 

HOFER, H., SCHULTZ, A. H., and STARCK, D. (herausgegeben von). 
Pri logia : Handbuch der Pri kunde. Band 2, Teil 2, Lieferung 8 : 
Basalgangelin. Von Kurt Feremutsch. 9} in.» 7 in. (25 cm. x 18 cm.). 
Pp. iv+87. (Basel und New York : S. Karger. 196i.) 27 francs.* 

HURD, Paul DeHart. Biological Education in American Secondary 
Schools, 1890-1960. (Biological Sciences Curriculum Study Bulletin, No. 1.) 
9} in. «6 in. (23-5 cm.» 16 cm.). Pp. ix+263. (Washington, D.C. : 
American Institute of Biological Sciences, 1961.) 4.75 dollars.* 

ILBERY, P. L. T. (edited by). Radiobiology : Proceedings of the Third 
Australian Confe-ence on Radiobiology, held at the University, Sydney, 
15-18 August, 1960, by the Australian Radiation Society. 9} in. x 3 in. 
QS cm.« 16 cm.). Pp. xi+314. (London: Butterworth and Co. (Pub- 
lishers), Led.. 1961.) 63s.* 

KORZYBSKI, T., und KURYLOWICZ, W. Antibiotica: Herkunft- 
Arten-Eigenschaften. 97? 6} in. (25 17 cm.). Pp. xix+1105. 
(Jena : Gustav Fischer Verlag, 1961.) 130D.M.* 

KOHNELT, Wilhelm. Soil Biology with special reference to the Animal 
Kingdom. Translated by Dr. Norman Walker. 8? in. 5} in. (22 cm. x 
1Scm.). Pp. 397+-4 plates. (London : Faber and Faber, Ltd., 1961.) 45s. 


LANGLEY, L. L. Cell Function : an Introduction to the Physiology of 
the Cell and Its Role in the Intact Organism. (Reinhold Books in the 
Biological Sciences.) 9} in.» 6} in. (23-5 em. 16 cm.). Pp. xii+377. 
(New York : Reinhold Publishing Corporation ; London : Chapman and 
Hall, Led., 1961.) 60s. net.* 

MECHANISMS IN BIOLOGICAL COMPETITION. (Symposia of the 
Society for Experimental Biology, No. 15.) 10 in. x6} in. (25-5 cm.x 
16 cm.). Pp. ix+365. (Cambridge: At the University Press, 1961. 
Published for the Company of Biologists on behalf of the Society for Experi- 
mental Biology.) 50s. net.* 

MOORE, John (edited by). The Boys’ Country Book. 8} in. x 5} in. 
(21-5 cm. 15 cm.). Pp. 320. (London: William Collins, Sons and Co., 
Ltd.. 1961.) 12s. 6d. net.* 

PINHEY, E. C. G. A Survey of the Dragonflies (Order Odonata) of 
oy > Pp. vii+214. (London: British Museum (Natural History), 

PIRIE, N. W. (edited by). The Biology of Space Travel. (Symposia of 
the Institute of Biology, No. 10.) 8} in. x 5} in. (22 em.x 15 em.). Pp. 
viii+120. (London : The Institute of Biology, 1961.) 25s.* 

RAMSAY, J. A., and WIGGLESWORTH, V. B. (edited by). The Cell 
and the Organism : Essays presented to Sir James Gray. 10 in. x 6} in. 
(25:5 cm.» 16 em.). Pp. viii+350. (Cambridge : At the University Press, 
1961.) 52s. 6d.* 

ROONWAL, M. L.,and SEN-SARMA, P. K. Contributions to the System- 
atics of Oriental Termites. (Entomological Monographs, No. |.) 10 in. x 
7} in. (25-5 em. 19 cm.). Pp. xiv+407. (New Delhi: Indian Council of 
Agricultural Research, 1960.) Rs. 12; 19s.* 
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SPILLMANN, Charles Jacques. Poissons d'Eau Douce. (Faune de France, 
Vol. 65.) 92 in. x 64 in. (25 cm. x 16-5 em.). Pp.ii+304. (Paris : Editions 
Paul Lechevalier, 1961.) 70 N.F.* 

WHITE, M.J.D. The Chromosomes. Fifth edition. (Methuen'’s Mono- 
graphs on Biological Subjects.) 6} in. x4} in. (16-5 cm. 11-5 cm.). Pp. 
viii+ 188. (London: Methuen and Co., Ltd.; New York: John Wiley 
and Sons, Inc., 1961.) 15s. net.* 

WHITNEY, Leon F. Keep Your Pigeons Flying. 8} in. x 52 in. (22 cm. « 
is cm.). Pp. 240+8 plates. (London : Faber and Faber, Ltd., 1961.) 25s. 
net 


WINCHESTER, A. M., and LOVELL, Harvey B. Zoology. Third edition. 
9} in. x 6} in. (23-5 em. x 16cm.). Pp. viii4+ 645. (Princeton, NJ. : D. Van 
Nostrand Company, Inc.; London: D. Van Nostrand Company, Ltd., 
1961.) 50s. 6d.* 

ZIMMER, K.G. Studies on Quantitative Radiation Biology. Translated 
by H. D. Griffith. 9 in. x 5? in. (23 cm.x 1S cm.). Pp. 124. (Edinburgh 
and London : Oliver and Boyd, Ltd., 1961.) 15s. net.* 


Biochemistry : Physiology 
Pathology 


ARMSTRONG, Harry G. (edited by). Aerospace Medicine. 10 in. x 
7 in. (26 cm. x 18cm.). Pp. xiii+633. (London : Bailliére, Tindall and,Cox, 
Led., 1961.) 144s.* 

BEDSON, Sir Samuel, DOWNIE, A. W., MacCALLUM, F. O., and 
STUART-HARRIS, C. H. Virus and Rickettsial Diseases of Man. Third 
edition. 8} in. x 5} in. (22cm. 15S cm.). Pp. x+461. (London : Edward 
Arnold (Publishers), Ltd., 1961.) 60s. net.* 

BROMPTON HOSPITAL REPORTS, Vol. 29, 1960. (A Collection*of 
Papers by Members of the Staffs of the Hospitals for Diseases of the Chest 
(Brompton Hospital, London Chest Hospital) and of the Institute of Diseases 
of the Chest.) 8} in. in. (21-Sem.x 14cm.). Pp. viiit+261. (London : 
Lloyd-Luke (Medical Books), Ltd., 1961. Published for the Research De- 
partment, Brompton Hospital.) 15s. net.* 

COOMBS, R. R. A., COOMBS, Anne M., and INGRAM, D. G. The 
Serology of Conglutination and Its Relation to Disease. 8} in. x 5? in. 

em. x 15 cm.). Pp. viit+210. (Oxford: Blackwell Scientific Publica- 
tions ; Springfield, Ill. : Charles C. Thomas, 1961.) 40s. net.* 

DAVIDSON, William M., and SMITH, D. Robertson (edited by). Pro- 
ceedings of the Conference on Human Chromosomal Abnormalities. 
in. x 54 in. (22cm. x 14.em.). Pp. 148. (London : Staples Press, 1961.) 

$. net. 

ETUDES D’ENDOCRINOLOGIE: Séminaires 1960 de la Chaire de 
Morphologie Expérimentale en Endocrinologie du Collége de France 
dirigés le Professor Robert Courrier. (Actualités Scientifiques et Indus- 
trielles, No. 1286.) 9} in. x7 in. (24 cm.x 18cm.). Pp. xiv+350. (Paris : 
Hermann, 1961.) n.p.* 

FINEAN, J. B. Chemical Ulerastructure in Living Tissues. (A Mono- 
graph in American Lectures in —s Chemistry.) 9} in. x 6} in. (23-5 cm. 
x 16cem.). Pp. xii+13l. (Springfield, Charles C. Thomas ; Oxford : 
Blackwell Scientific Publications, 1961.) 48s.* 

FOSTER, W.D. A Short History of Clinical Pathology. With a Chapter 
on the Organization of Clinical Pathology to the Present Day by S. C. Dyke. 
9 in. x 6} in. (23 cm. x 16-5.cm.). Pp. xii+ 154+23 plates. (Edinburgh and 
London : E. and S. Livingstone, Ltd., 1961.) 27s. 6d. net.* 

GARDNER, Lytt |. Molecular Genetics and Human Disease. 9} in. » 
6} in. (23-5 cm. x 16 cm.). Pp. xviii+297. (Springfield, Charles C. 
Thomas; Oxford : Blackwell Scientific Publications, 1961.) 92s.* 

HAISSINSKY, M. (edited by). The Chemical and Biological Action of 
Radiations, Vol. 5. |: Mechanism of the Radiolysis of Water by Gamma 
Rays or Electrons. By A. O. Allen. 2: Action des Rayons Alpha sur les 
solutions Aqueuses. Par J. Pucheault. 3: Diffusion Kinetics in Radiation 
Chemistry. By A. Kuppermann. 4: Mass Spectrometry and Radiation 
Chemistry. By D. P. Stevenson and D. O. Schissler. 9} in. x 64 in. (25 cm. 
x 16-5m.). Pp. xi+278. (London : Academic Press, Inc. (London), Ltd. ; 
New York : Academic Press, Inc., 1961.) 63s.* 

HARRIS, Robert S., INGLE, Dwight, J., MARRIAN, G. F., THIMANN, 
Kenneth V., and WOOL, Ira G. Vitamins and Hormones : Advances in 
Research and Applications, Vol. 18. 9} in. x6} in. (23-5 em.» 16 cm.). 
Pp. xiv+615. (New York: Academic Press, Inc. ; London: Academic 
Press, Inc. (London), Ltd., 1960.) 15 dollars.* 

HENDERSON, J. L. (edited by). Cerebral Palsy in Childhood and 
Adolescence : a Medical, Physiological and Social Study. 8} in. x 5¢ in. 
(21-5 cm. 14 cm.). Pp. viii+403. (Edinburgh and London: E. and S. 
Livingstone, Led., 1961.) 35s. net.* 

INGRAM, Vernon M. Hemoglobin and Its Abnormalities. (A Mono- 
in American Lectures in Living Chemistry.) 9} in. 6} in. (23-5 cm. x 
6cm.). Pp. xiv+ 153. (Springfield, IIl.: Charles C. Thomas ; Oxford : 
Blackwell Scientific Publications, 1961.) 60s.* 

JENKINS, G. Neil. The Physiology of the Mouth. Second edition. 9 in. 
x 5} in. (23 cm. 1S cm.). Pp. xi+355. (Oxford: Blackwell Scientific 
Publications ; Springfield, Ill.: Charles C. Thomas, 1960.) 40s. net.* 

KABAT, Elvin A., and MAYER, Manfred M. Experimental Immuno- 
chemistry. Second edition. in. 7 in. (25-5 cm.x 18em.). Pp. xii+905 
(Springfield, Ill.: Charles C. C. Thomas; Oxford: Blackwell Scientific 
Publications, 1961.) 212s.* 

KORENCHEVSKY, V. Physiological and Pathological Ageing. Edited 
by Prof. Geoffrey H. Bourne. 9} in. 7 in. (24 cm. 18 em.). Pp. vi+514. 
(Basel and New York : S. Karger, 1961.) 85 Swiss francs.* 

MacFARLANE, R.G., and ROBB-SMITH, A. H. T. (edited by). Functions 
of the Blood. 9} in. x 6} in. (23-5 16 em.). Pp. liv+635. (Oxford : 
Blackwell Scientific Publications; New York: Academic Press, inc., 
1961.) 120s. nec.* 

MARTINDALE. The Extra Pharmacopoeia, Supplement 196! to Volume 
2, Twenty-third ed'tion, 1955 ; and Vol. |, Twenty-fourth edition, 1958. 
Pp. xi+ 315. (London : The Pharmaceutical Press, 1961.) 32s. 6d.* 

PROCEEDINGS OF THE FOURTH INTERNATIONAL CONGRESS ON 
CLINICAL CHEMISTRY, Edinburgh, 4th to 19th August 1960. 10 in. x 
6} in. (25-5 cm. 16 cm.). Pp. xvi+212. (London : Butterworth and Co. 
(Publishers), Led., 1961.) 35s. net.* 

QUASTEL, J. H., and QUASTEL, David M. J. The Chemistry of Brain 
Metabolism in Health and Disease. (A Monograph in the Bannerstone 
Division of American Lectures in Living Chemistry.) 9} in. 6} in. (23-5 
em. 16 cm.). Pp. xi+170. (Springfield, I1!.: Charles C. Thomas ; 
Oxford : Blackwell Scientific Publications, 1961.) 52s.* 
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SIMON, Alexander (edited by). In association with HERBERT, Charles 
C.,and STRAUS, Ruth. The Physiology of Emotions : Report of the Third 
Annual Symposium of the Kaiser in Northern Cali- 
fornia, San Francisco. 9} in. x16 cm.). Pp. xii+248. 
(Springfield, Charles C. U1, Blackwell Scientific 
Publications, 1961.) 52s.* 

SYKES, W. Stanley. Essays on the First Hundred Years of Anaesthes’a, 
Vol.2. 9 in. x 6} in. (23 ~ 165 em.). Pp. viii+ 187+46 plates. (Ed.n- 
burgh and Leadon : E. and S. Livingstone, Led., 1961.) 30s. net.* 

THE SCIENTIFIC BASIS OF MEDICINE : Annual Reviews, 1961. (British 
Postgraduate Medical Federation.) 8} in. in. (22 cm. x 15 cm.). Pp. 
xi+342+17 plates. (London: The Athlone ress, University of London, 
1961. Distributed by Constable and Co., Ltd. ) 40s. net.* 

VAN DOSHOECK, H. A. E. (herausgegeben von). Allergie. (Rapports 
1) du Vile Congrés International d’Oro-Rhino-Laryngologie, Paris, 29 
juillet 1961.) (Fortschritte der Hals-Nasen-Ohrenheilkunde, Band 10.) 
94 in. x 6} in. (24 cm. x 16-5 cm.). Pp. xii+236. (Basel und New York : 
S. Karger, 1961.) 26 Swiss francs.* 

VILLEE, Claude A. (edited by). Control of Ovulation : Proceedings of 
the Conference held at Endicott House, Dedham, Massachusetts, 1960. 
9} in. x 6$ in. (23-5 cm. 16 cm.) Pp. x+251. (London and New York : 
Pergamon Press, 1961.) 70s. net.* 

WATERMAN, Talbot H. (edited by). The Physiology of Crustacea. 
Vol. 2: Sence Organs, Integration, and Behaviour. 9 in. 6 ia. (23 cm. 
15-5 cm.). Pp. xiv+- 681. (New York: Academic Press, Inc. ; London : 
Academic Press, Inc. (London), Led., 1961.) 23 dollars.* 

WOLFF, Eugene. Anatomy of the Eye and Orbit, including the Central 
Connections, Development, and Comparative Anatomy of the Visual 
Apparatus. Fifth edition revised by Prof.R.J. Last. IG in. 7} in. (25-5 cm. 
<19 em.). Pp. vii+500. (London: H. K. Lewis and Co., Ltd., 1961.) 
84s. net.* 

WOLKEN, Jerome J. Euglena: an Experimental Organiom for Bio- 
chemical and Biophysical Studies. % in. x 6} in. (23-5 cm. 16 cm.). Pp. 
xii+173. (New Brunswick, N.J.: Institute of Microbiology. Rutgers 
University, 1961. Distributed by Ruagers University Press.) 4.50 dollars.* 


Anthropology : Archzology 


MAYER, Adrian C. Peasants in the Pacific : a Study of Fiji Indian Rural 
Seciety. (International Library of Sociology and Social Reconstruction.) 
8} in. x5} in. (22 cm.x 1S cm.). Pp. xiii+202+16 plates. (London : 
Routledge and Kegan Paul, itd., 1961.) 35s. net.* 

ROCK-PAINTING IN AFRICA. 9} in. <7} in. (25 18-S5em.). Pp. 
5+S6 ss. (Claremont, Cape Town : South African Archaeological 
Society.) n.p.* 

von EICKSTEDT, Egon Freiherr. Tiirken, Kurden und Iraner seit dem 
Aitertum : Probleme einer Anthropologischen Reise. 9 in. « 6} in. (23 cm. 

<16em.). Pp. v+123. (Seuttgart : Gustav Fischer Verlag, 1961.) 24.80 

M 


‘WHITE, C.M.N. Elements in Luvale Beliefs and Rituals. (The Rhodes- 


Livingstone Papers, No. 32.) 8} in.x5$ in. (21-5 cm.x 14 cm.)._ Pp. 
xviii +76+ 2 plates. (Manchester: Manchester University Press, 1961.) 


Miscellany 


BALDAMUS, W. Efficiency and Efforc : an Analysis of Industrial Adminis- 
tration. 8} in. x 5} in. (22 cm.x 14em.). Pp. viii+ 139. (London : Tavis- 
tock Publications (1959), 1961.) 18s. net.* 

BARNETT, S. A., and McLAREN, Anne (edited by). Penguin Science 
Survey, 1961. Part 2: Biology; Genetics ; Agriculeure ; — a 
Zoology. (Pelican Book No. $194.) 7 in. «eS in. (18 cm. it em. ). 
plates. (Harmondsworth, Mddx.: Penguin Books, Led., 


SEADLE, George W., EYSENCK, H.J., and ADRIAN, Lord. Guildhall! 
Lectures, 1960. (British Association Granada Lectures, Vol. 2.) 7 in. x 
44 in. (18 cm. x cm. Pp. 105. (London: University of London 


. -) 4s. 6d.* 

COMMONWEALTH UNIVERSITIES YEARBOOK 1961: a Directory 
of the Universities of the British Commonwealth and the Handbook of 
their Association. 9} in.x 6} in. (25 cm.» 17 cm.). Pp. xxxi+ 1590. 
(London : Association of Gnivereiiies of the British Commonwealth, 
1961.) 84s.; 13 dollars.* 

CONANT, James B. Science and Common Sense. (Yale paperbound 
No. Y-32). 8 in. 5} in. (20 cm. 13 cm.). Pp. xii+344. (New Haven, 
Conn.: Yale University Press ; London : Oxford University Press, 1961.) 
1.45 dollars ; Ils. 6d. net. 

COOK, Hubert. The Technical Iustrator. 10° x8 in. (26 cm. 
20 cm.). Pp. vii+120. (London : Chapman and all, Ltd., 1961.) 35s. 


DAVIE, George Elder. The Democratic Intellect : Scotland and her 
Universities in the Nineteenth Century. (Edinburgh University Publica- 
tions : History, Philosophy, and Economics, No. 12.) 9 in.» 6 in. (23 cm. 

«15-5 cm.). Pp. xx+352+8 plates. (Edinburgh: The University Press, 
196!. Distributed by Thomas Nelson and Sons, Ltd.). 50s. net.* 

EASTWOOD, W. (selected by). A Book of Science es The Poetic 
Relations of Science ana Technology. 8} in. 5} in. (22 em.x 15 cm.). 
Pp. xvi+279. (London : Macmillan and Co., Led., 1961.) as. net.* 

EMERY, Mary A., and EMERY, Serge A. Scientific Russian Guide : 
Handbook for Students and Professionals Interested in Scientific Russian. 
9b in. « 6} in. (23-5 16 cm.). Pp. viit+191. (New York: McGraw- 
Hr "Book Company ; ; London : McGraw-Hill Publishing Company, Ltd., 

1.) 35s.* 

FARBER, Seymour M. wand WILSON, Roger H. / (edited by). In collabor- 
ation with GOLDSMITH, John R., and PACE, N. The Air We Breathe : 
a Study of Man and His Environment. 9} in. ot in. (23-5 cm. = 16 em.). 
Pp. xv+414. (Springfield, Charles C. Thomas Oxford: Blackwell 
Scientific Publications, 1961.) 112s.* 

FRANKLIN, Kenneth J. William Harvey: Englishman, 1578-1657. 
8? in. 54 in. (22cm. 14. em.). Pp. 151+5 plates. (London : Macgibbon 
and Kee, 1961.) 18s. net.* 

FRIEND, J. Newton. Demonology, Sympathetic Magic and Witchcrafe : 
a Study of Superstition as it persists in Man and affects him in a Scientific 


Age. 7} in. «5 in. (19 cm. x 12-5 em.). Pp. xii+173. (London: Charles 
Griffin and Co., Led., 1961.) 18s. net.* 


NATURE 


GARRATT, Arthur (edited by). Penguin Science Survey, 1961. Part |: 


November 25, 196] 


Astronomy ; Chemistry; Electronics; Geophysics; Meteo 
Physics ; Space Research. (Pelican Book No. A526.) 7 in. x 4t in. (18 em, 
tl cm.). Pp. 239+12 plates. (Harmondsworth, Mddx. : Penguin Books 
Led., 1961.) 6s.* 
GOLLANCZ, Victor. The Case of Adelf Eichmann. 72 in.xS in, 
(19-5 12-5 cm.). Pp. 61. (London: Victor Gollancz, Led., 


is. 6d.* 
"GOSDEN. P. H. J. H. The Friendly Societies in England, 1815~ig75, 
in. (22 cm. x 15 cm.). Pp. x+262+9 plates. (Manchester - 
AF University Press, 1961.) 32s. 6d. net.* 

HAYNES, Renée. The Hidden Springs : an Enquiry into Extra-Sensory 
Perception. 8} in. x 5} in. (22cm. » 15 cm.). Pp. 264+-9 plates. (London 
Hollis and Carter, Led., 1961.) 30s. net. ‘ 

HERBERT, Don. Experiments for Young Scientists. 8 in. x 
4 cm.~< 13 cm.). Pp. 160. (London: G. Bell and Sons, Ltd., thei’ 

Ss. net.* 

Pec Guy. Studies in Management. 8} in. 5} in. (22cm. 

. 158. (London : University of London Press, Ltd., 1961.) 10s. 6d. nee,* 

UTCHINSON, R.C. Food for Longer Living. in. x 44 in. (18-5 em, 

11-5 cm.). Pp. viii+98+4 plates. (Melbourne : Melbourne University 
Press ; London : Cambridge Univesity Press, 1960.) 5s. 6d.* 

JACQUES, Elliott. Equitable Payment: a General Theory of Wert, 
Differential Payment, and Individual Progress. 8} in. 5} in. (22 
1S cm.). Pp. 336. (London : Heinemann Educational Books, Ltd., 196i) 
35s. net.* 

JOPLING, W. H. Good Health in the Tropics : Advice to Traveller; 
and Settlers. 6 in. x 4 in. (15-5 cm. x 10 cm.). Pp. 31. (Bristol: John 
Wright and Sons, Led., 1961.) 3s. 6d.* 

KENT, Allen (edited by). Information Retrieval and Machine Transl. 
tion, Part 2. (Based on the International Conference for Standards on 3 
Common Language for Machine Searching and Translation, Cleveland 
Ohio, September 6-12 1959. ) (Advances in Documentation and Library 
Science, Vol. 3, Part 2.) 9} in. x 6} in. (23-5 cm.» 16 cm.). Pp. ix+6g7- 
1376. (New York: = Mn Ante Publishers, Inc. ; London : Interscience 
Publishers, Ltd., 1961.) 25 dollars; 188s.* 

LETHBRIDGE, T. C. Ghost and Ghoul. 8} in. « 5} in. (22 em. 
xi+156. (London : Routledge and Kegan Paul, Ltd., 1961.) 

. net. 
MACRAE, Donald. Ideology and Society : Papers in Sociology and 
Politics. 8} in. x 5} in. (22cm. 15S cm.). Pp.xii+231. (London: Heine. 
mann Educationa! Books, Ltd., 1961.) 25s. net.* 

MALCOLM, Donald G., and ROWE, Alan J. (edited by). Management 
Control Systems : Proceedings of a Symposium held at System 
ment Corporation, Santa Monica, California, July 29-31, 1959. 9 in. 
6 in. (23 cm. « 15-5 cm.). Pp. xvii+375. (New York and London : John 
Wiley and Sons, Inc., 1960.) 58s.* 

MASON, Philip. Common Sense About Race. (The Common Sense 
Series.) 8 in.x 5} in. (20 em.x 13 cm.). Pp. 173. (London: Victor 
Gollancz, Led., 1961.) 12s. 6d. net.* 

PENZIK, Irena. Ashes to the Taste. 8} in. 5} in. (21-5 cm. 15 em.,), 
Pp. xv +378. (New York : University Publishers, Inc., 1961.) 4.95 dollars.* 

PETERSON, Martin S. Scientific Thinking and Scientific Writing. in, 

6} in. (23-5 cm. x 16 cm.). Pp. vii+215. (New York : Reinhold Publish. 
ing Corporation ; London: Chapman and Hall, Led., 1961.)  Sés. 
net. 


POESCH, Jessie. Titian Ramsay Peaie 1799-1885, and His Journals of the 
Wilkes Expedition. (Memoirs of the American Philosophical Society 
Vol. 52.) 12 in. x 9} in. (30-5 cm. x 24 cm.). Pp. x+214. (Philadelphia : 
American Philosophical Society, 1961.) 6.50 dollars. * 

PRICE, Derek J. de Smila. Science Since Babylon. 8} in. x 5} in. (21-5em 
= 14¢m.). Pp.x+149. (New Haven, Conn., and London: Yale Univer- 

sity Press, 1961.) 4.50 dollars.* 

SASS KORTSAK Andrew (edited by). Kernicterus : Report based ona 
Symposium held at the |X International Congress of Paediatrics, Montreal, 
July 1959. Yin. x 6in. (23 cm. 15-5cm.). Pp.xi+221+2 plates. (Toronto: 
ae of Toronto Press; London: Oxford University Press, 196!.) 

. net. 

SHACKLE, G.L.S. Decision, Order and Time in Human Affairs. 8} in.x 
5} in. eo em. x 15 crn J. Pp. xiv+302. (Cambridge: At the University 
Press, 1961.) 35s. net. 

SHEPARD, Odell (edited by). The Heart of Thoreau’s Journals. 8 in. 
St in. (20 cm.» I5 cm.). Pp. xii+228. (New York : Dover Publications, 
Inc. J London : Constable and Co., Ltd., 1961.) 1.45 dollars.* 

PENDER, Stephen (introduction by). The Writer's Dilemma. 
first published in The Times Literary Supplemene under the heading “‘Limits 
of Control"’.) 8 in. x 5} in. (20 em. x 13 cm.). Pp. xxi+88. (London: 
Oxford University Press, 1961.) 12s. 6d. net. 

TOULOUKIAN, Y. S. (edited by). tn Guide to Thermophysica! 
Properties Research Literature, Vol. |. Book |, Part A: Guide to Sub- 
stance Classification and Numerical Codes. Book |, Part B: Dictionary 
of Synonyms and Trade Names. Book |, Part C : Directory of on: 
Pp. xii+-1352. Book 2: Classified Search Index. Pp. vii + 169. 

Master Bibliography ; Author Index. Pp. ix+372. II} in. x 8} 
cm. x22 ¢m.). (New York : McGraw-Hill Book Company, Inc.; 
McGraw-Hill Publishing Company, Ltd,. 1960.) £46 10s.* 

VEREKER, Charles, and MAYS, John B. With the assistance of GITTUS. 
Elizabeth, and BROADY, Maurice. Urban Redevelopment and Social 
Change: a Study of Social Conditions in Central Liverpool 1955-56. 
(Social Research Series.) 8} in. 54 in. (22 cm.x 14 cm.). Pp. ix+150. 
(Liverpool : The University Press, 1961.) 25s. net.* 

OGT, William. Peopie : Challenge to Survival. 8} in. x 5} in. (22em.» 
1Scm.). Pp. xiv+257. (London : Victor Gollancz, Ltd., 1961. ) 21s. net.* 

WARD, Conor K. Priests and People: a Study in the Sociology of 
Religion. (Social Research Series.) 8} in.» 5} in. (21-5 cm. x em,). 
Pp. xi+182. (Liverpool : Liverpool University Press, 1961.) 25s. net.* 

WILLIAMS, R, E. O., BLOWERS, R., GARROD, L. P., and SHOOTER, 
R. A. Hospital Infection : Causes and Prevention. 8} in. x 5} in. = 
cm. x 15 cm.). Pp. x+307. (London : Lloyd-Luke (Medical Books), Led 
1960.) 35s. nec.* 

WILSON, Bryan R. Sects and Society : a Sociological Study of Three 
Religious Groups i in Gritain. (Heinemann Books on iology.) 8} in. 
5} in. (22 <15 em.}. Pp. x+397. (London: William Heinemans, 
Led., 1961.) "35s. net.* 

YUDKIN, John, and CHAPPELL, Gweneth M. The Slimmer’s Cook- 
book. 8} in. x 5} in. (22 cm. 15 cm.). Pp. 223. (London: 
and Kee, 1961.) 18s. net.* 
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starting something 


starting something ? . like a project where you could use progressive 
Design facilities . . . or “where, without capital expendicure, you could 
sup = your own resources with additional Production of a 


Perhaps it's a job for. The Pickering Group of Com . For here 

the traditional engineering skills of almost a hund years of history 

are merged with the advanced , cee = of the Twentieth Century— 

techniques in the a tion of princi to Industrial 

_ Provision Complete Off-Shore Oil Drilling 

pment—the production of Metal Evaporation Units—the fabrication 

ne Bedplates, Gearboxes, Cranes and Tanks—and the building of 

High Vacuum Chambers for Metal Coating, Decorative Finishes and Optical 

Bl . Even in the High Vacuum aspects of Space Research, The 
ering Group has something to offer ! 

On a contract or sub-contract basis, The Pickering Group of 

es ey is daily provides a valuable service to many diversified 

A Technica ——~ A Consultant Service is available and your 


HIG VACUUM EQUIPMENT 
For Decorative Finishes and Optica! Coating 

IONIZATION CHAMBERS 
HIGH VACUUM GAUGE UNITS 
a — VALVES AND ACCES- 
MASS SPECTROMETER LEAK DETECTORS 
IMPREGNATION AND ENCAPSULATION 

EQUIPMENT 
HIGH VACUUM FURNACES 

for Melting and Sin 
€ UIPMENT D ATMOSPHERIC WELDING 
FREEZE DRYING AND DEHYDRATION 


PLANT 
DIFFUSION PUMPS 
a RAY IONIZATION GAUGE CON- 


THE PICKERING GROUP OF COMPANIES 


R. Y. PICKERING & CO. LTD. 


VACUUM INDUSTRIAL 
APPLICATIONS LTD. 

DANIEL VARNEY LTD. 

WOODFIELD PICKERING LTD. 


NETHERTON ROAD * WISHAW ° 


Telephone : *WISHAW 2142 


Sot Setede — Stern Frames — Engine 
soap ~ Gearboxes — Crane Structures — 
Tan Work, — Equipment for the Oil Industry. 
High Vacuum Equipment — tating and Sintering 

rnaces — Metal Evaporation Units —- Vacuum 
Casting Plant — Control Equipment, etc., etc. 


Scientific Instruments 


Complete Off-Shore Oil Drilling Equipment. 


LANARKSHIRE * SCOTLAND 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘‘Nature’’ Office 


Mathematics 


CUNDY, H. Martyn, and ROLLETT, A.P. Mathematical Models. Second 
edition. 8} in. « 5} in. (22 cm.» 15 cm.). Pp. 286+4 plates. (Oxford : 
Clarendon Press; London : Oxford University Press, 1961.) 25s. net.* 

KIREYEVA, |. Ye., and KARPOV, K. A. Tables of Weber Functions, 
Vol. |. Translated by Prasenjit Basu. (issued by the Computer Centre of 
the Academy of Sciences, U.S.S.R.) (Mathematical Tables Series, Vol. 15.) 
10? in. x 8} in. (27 cm.x 21-5 cm.). Pp. xxiv+340. (London and New 
York: Pergamon Press, 1961.) 140s. net.* 

LANCZOS, Cornelius. Linear Differential Operators. 9} in. . 6} in. 
(23-5 cm. « 16 cm.). Pp. xvi+564. (London : D. Van Nostrand Company, 
Led. : New York : D. Van Nostrand Company, inc., 1961.) 80s.* 

ON TEACHING MATHEMATICS: a Report on some Present-Day 
Problems in the Teaching of Mathematics—The Outcome of Discussions 
and Lectures at the Southampton Mathematical Conference, 1961. (The 
Commonwealth Library of Science, Technology and Engineering. Mathe- 
matical Division, Vol. |.) 7? in. x5 in. (19-5 cm. x 12-5 cm.). Pp. xxiv+ 
116. (London and New York: Pergamon Press, 1961.) 7s. 6d.; 1.25 


dollars.* 
REDISH, K.A. An Introduction to Computational Methods. (Applied 
Mathematics Series.) 10 7} in. 19 em.). Pp. 211. 


(London: English Universities Press, Ltd., 1961.) 30s. net.* 

SMIRNOV, V. 1. Linear Algebra and Group Theory. Revised, adapted 
and edited by Richard A. Silverman. 9} in. x 6} in. (25-5 cm.» 16 cm.). 
Pp. x+464. (New York: McGraw-Hill Book Company, Inc.; London: 
McGraw-Hill Publishing Company, Ltd., 1961.) 97s.* 

STEPHENSON, G. Mathematical Methods for Science Students. 8} in. » 
5S} in. (22 cm.x 14 cm.). Pp. viii+494. (London: Longmans, Green and 
Co., Ltd., 1961.) 45s. net.* 

VAIDA, S. Mathematical Programming. (Addison-Wesley Series in 
Statistics.) 9} in. x 6} in. (23-5 cm. 16 cm.). Pp. ix+310. (Reading, 
+ and London: Addison-Wesley Publishing Company, Inc., 1961.) 


Physics 


BELL, J. S., CERULUS, F., ERICSON, T., NILSSON, J., and ROLLNIK, H. 
(edited by). Proceedings of the International Conference on Theoretical 
Aspects of Very High-Energy Phenomena held at CERN, 5-9 June, 
1961. (Sponsored by the International Union of Pure and Applied Physics.) 
in. x Bf in. (29 em. x 2. cm.). Pp. v +426. (Geneva CERN—European 
Organization for Nuclear Research, 1961.) n.p.* 

BOHR, Niels. Teoria dell’atomo e conoscenza Umana. Traduzione di 
Paolo Gulmanelli. (Biblioteca di Cultura Scientifica, Nuova Serie Nr. 10.) 

in. x6 in. (20-5 cm.). Pp. 449. (Torino: P. Boringhieri, 
1961.) 3,500 lire.* 

FEINBERG, J. G. The Story of Atomic Theory and Atomic Energy. 
(Formerly titled Atom Story"’.) 8 in. 5} in. (20 cm.x 13 cm.). Pp. 
264. (New York: Dover Publications, Inc. ; London: Constable and 
Co., Led., 1961.) 1.45 dollars.* 

JENNISON, R. C. Fourier Transforms and Convolutions for the 
Experimentalist. 8} in. « 5} in. (22 cm.x 14.cm.). Pp. vi+120. (London 
and New York: Pergamon Press, 1961.) 30s. net.* 

LEE, E. H. (edited by). Transactions of the Society of Rheology, Vol. 5, 
1961. 9 6 in. (23 cm.» cm.). Pp. ii+382. (New York: Inter- 
science Publishers, Inc.; London: Interscience Publishers, Ltd., 1961.) 
10.50 dollars.* 

MESSIAH, Albert. Quantum Mechanics, Vol. 1. (Series in Physics.) 
9 in. x 6} in. (23 em. 16 cm.). Pp. xv + 504. (Amsterdam : North-Holland 
Company; New York: Interscience Publishers, Inc., 1961.) 


Engineering 


HYDER, H.R. McK. (edited by). Reactors, Vol.2. (Progress in Nuclear 
Energy, Series 2.) 9in. x 6} in. (23 em. x 1écm.). Pp. vi+557+xii. (London 
and New York : Pergamon Press, 1961.) i05s. net.* 

JEEVIS, M. W. Nuclear Reactor Instrumentation. (Nuclear Engineering 
Monographs, No. 13.) 8} in. x ++ in. (21-5 cm.» 14 cm.). Pp. vii+74. 
(London : Temple Press, Led., 1961.) 12s. 6d.* 

KOHL, Jerome, ZENTNER, René D., and LUKENS, Herbert R. Radio- 
isotope Applications Engineering. (Van Nostrand Nuclear Science Series.) 
9} in. 6} in. (23-5 em. x 16cm.). Pp. xiv+562. (Princeton, NJ.: D. Van 
Nostrand Company, Inc.; London: D. Van Nostrand Company, Ltd., 
1961.) 16.50 dollars ; 124s.* 

OKRESS, E. (Editor-in-Chief). Crossed-Field Microwave Devices. 
Vol. |: Principal! Elements of Crossed-Field Devices. Pp. xxii-+647. 
157s. 6d. Vol. ¢ Principal Types of Crossed-Field Devices. Analysis of 
Oscillator System Performance. Regional Progress and Trends. Pp. 
xxii+520. 128s. 6d. 9} in. x6} in. (23-5 cm.x 16 cm.). (New York : 
Academic Press, inc.; London: Academic Press, Inc. (London), Ltd., 
1961.)* 

RASKHODOFF, Nicholas M. Electronic Drafting Handbook. 9} in. = 
6} in. (23-5 cm. 16 cm.), Pp. xiii+402. (New York and London: The 
Macmillan Company, New York, 1961.) 14.75 dollars ; 103s.* 

SAVIN, G. N. Stress Concentration Around Holes. Translated from 
the Russian by Eugene Gros. Translation edited by W. Johnson. (Iinter- 
national Series of Monographs on Aeronautics and Astronautics. Division 
1: Solid and Structural Mechanics, Vol. |.) 10 in. x 6} in. (25-5 cm.x 16 
cm.). Pp. xi+430. (London and New York: Pergamon Press, 1961.) 
84s. net.* 

SNYDER, Nathan W. (edited by). Energy Conversion for Space Power : 
a Collection of Technical Papers based mainly on a Symposium of the 


American Rocket Society held at Santa Monica, California, September 27-30, 
1960. a in Astronautics and Rocketry, Vol. 3.) 
(24 cm.x'! Acad 
London : 


94 in. x6} in. 
cm.). Pp. xvi+779. (New York: lernic Press, Inc. ; 
Academic Press, inc. (London), Led., 1961.) 58s.* 


SNYDER, Nathan W. (edited by). Space Power Systems. (P. 
Astronautics and Rocketry, Vol. 4.) 9} in. x 6} in. O35 
Pp. xvii+632. (New York: Academic Press, Inc. ; London: Academie 
Press, Inc. (London), Ltd., 1961.) 6 dollars ; 48s.* . 


Chemistry : Chemical Industry 


BEVINGTON, J. C. Radical Polymerization. 9} in. 6} in. (23-5 
16 cm.). Pp. viii+188. (London : Academic Inc. 
New York : Academic Press, Inc., 1961.) ne. (London), Led. 
CRAFTS, A.S. The Chemistry and Mode of Action of Herbicides. 9 in 
6 in. (23 cm. 15-5 cm.). Pp. viii +269. (New York : Interscience Pyb. 
lishers, Inc. ; London : Interscience Publishers, Ltd., 1961.) 9 dollars.* 
and M. Kinetik der Gasreaktionen. 9} in. x 6? in 
p. xv+129. (Berlin: Walter de Gruyter und Co. 
_ FISHMAN, William H. Chemistry of Drug Metabolism. (A M 
in the Bannerstone Division of American Lectures in Living Chemistry.) 
in. x in. (23-S cm. = 16cm.). Pp. xvii+235. (Springfield, : Charles 
C. Thomas ; Oxford : Blackwell Scientific Publications, 1961.) 845.* 
KRAUCH, Helmut, und KUNZ, Werner. Namenreaktionen der 
Organischen Chemie: Ein Beitrag zur Terminologie der Organische, 
in. (23-5 cm. « 16em.). Pp. viii +592. (Heidelberg : Dr. iith 
Verlag. 1961.) 44D.M.* 
LIND, Samuel C. In collaboration with HOCHANDEL, Ch 
and GHORMLEY, John A. Radiation Chemistry of Gases. onan 
Chemical Society Monograph Series, No. 151.) 9 in. x6 in. (23 cm.. 
1S‘S cm.). Pp. x+313. (New York : Reinhold Publishing Corporation 
Hall, Led., 1961.) 100s. nec.* 
. . Fran jouglas. Nitric Acid : Manufacture and Uses. in.» 
St = +75+7 plates. (London : 
sity Press, " ublis nder che auspi of | i : 
EEDINGS OF THE SECOND EUROPEAN SYMPOS 
CHEMICAL REACTION ENGINEERING, Amsterdam, 26, 27 py 
Vol. 14, January, 1961.) 10 in... 
in. (25°5 cm. « 19 cm.). ° . (London and New Y. 2 ’ 
Press, 1961.) 140s. * 


Technology 


AMPHLETT, C. B. Treatment and Disposal of Radioactive W. 
(International Series of Monographs on Nuclear Energy. Division V. 
Health Physics, Vol. 2.) 8} in. x 5} in. (22 15 cm.). Pp. viii +289 
(London and New York: Pergamon Press, 1961.) 70s. net.* : 

BOOTH, J. E. Principles of Textile Testing :_an Introduction to Physical 
Methods of Testing Textile Fibres, Yarns, and Fabrics. 8} in. « 6 in. (215 
cm. x 15°S cm.). Pp. xiv+497. (London: National Trade Press, Led 
1961.) 

DMANN, N.H. D. Cold Forging of Steel. Translated from the German 
by A. M. Hayward. 8} in. = 5? in. (21-5 cm. = IS cm.). Pp. 268. (London : 
Hutchinson and Co. (Publishers), Ltd., 1961.) 40s. net.* : 

FUEL ELEMENT FABRICATION WITH SPECIAL EMPHASIS ON CLAD- 
DING MATERIALS: Proceedings of a Symposium held in Vienna, May 10-13 
1960, Vol. 2. 10 in. x 6} im. (25'S cm. « 165cm.). Pp. xii+384. (London: 
Academic Press, Inc. (London), Ltd.; New York: Academic Press, Inc. 
1961.) 6d.; 10 dollars; 260 Austrian schillings.* 

GOODMAN, Richard (edited by). Annual Review in Automatic Pro- 
gramming, Vol. 2. (international Tracts in Computer Science and Tech- 
nology and their Applications, Vol. 6.) 10 in. » 6} in. (25-5 cm. » 16 em.). 
Pp. viii+ 394. (London and New York: Pergamon Press, 1961.) 70s. 
net. 

JAY, Kenneth. Nuclear Power Today and Tomorrow. 8} in. 5} in. 
(21-5 cm. 14 cm.). Pp. vii+270+ 16 plates. (London: Methuen and 


Maschinelle Intelligenz. 
(Bertin : 


8} in.» 54 in. (21 14 em.). Pp. viii+253. 
Springer-Verlag, 1961.) 28-50 ons 


Astronomy 


BLANCO, V. M., and McCUSKEY, S. W. Basic Physics of the Solar 
System. (Addison-Wesley Series in the Engineering Sciences: Space 
Science and Technology.) 9} im. x 6} in. (23-5 cm. 16 cm.). Pp. xi+307. 
rae A Mass., and London: Addison-Wesley Publishing Company, Inc., 

FIRSOFF, V. A. Moon Atlas. 14} in.» 12 in. (36 cm. 30-5 cm.). Pp. 
32+-7 plates +2 fold-out maps. (London : Hutchinson and Co. (Publishers), 

, Alexandre. La Révolution Astronomique : Copernic—K 
i. (Collection Histoire de la Pensée, Vol. 3.) Bt ey 

cm. x 14.cm.). Pp. 525. (Paris : Hermann, 1961.) 3 

KUIPER, Gerard P., and MIDDLEHURST, Barbara M. (edited by). Tele 
scopes. (Stars and Stellar Systems: Compendium of Astronomy and 
Astrophysics, Vol. |.) 9} in. x 7 in. (25 cm.x 18 cm.). Pp. xv+255+72 
plates (Chicago and London: Universicy of Chicago Press, 1960.) 


A. Astronomical Spectroscopy. (A Survey of 
Astrenony, Vol. 2.) 8 in. x 5} in. (20 cm. x 13 Ss. (London : 


Eyre and Spottiswoode (Publishers), Ltd., 1961.) 18s. net.* 


Meteorology : Geophysics 


CHAMBERLAIN, Joseph W. Physics of the Aurora and Airglow. (Inter- 
national Geophysics Series, Vol. 2.) 9 in.x 6} in. (23-5 cm.» 15 cm.). 
Pp. xviii 704. (New York : Academic Press, Inc., London : Academic 
Press, ,London), Led., 1961.) 118s.* 
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COOK, A. H., and GASKELL, T. F. (edited by). The Earth Today. (A 
collection of papers dedicated to Sir Harold Jeffreys by some of his students 
and colleagues on the occasion of his 70th birthday.) 10 in. x 64 in. (25-5 

im. 165 ¢m.). Pp. xi+404. (London: Royal Astronomical Society, 
i961 Distributed by Oliver and Boyd, Ltd.). 80s. net.* f 

JOHNSON, Francis S. (edited by). Satellite Environment Handbook. 
10 in. x 7 in. (25-5 cm. x 18 cm.). Pp. xii+155. (Stanford, Calif.: Stavierd 
University Press; London : Oxford University Press, 196 44s. net.* 

KENDREW, W. G. The Climates of the Continents. Fifth edition. 
82 in. x 5} in. (22 cm. x 1S cm.). Pp. 608. (Oxford: Clarendon Press ; 
London : Oxford University Press, 1961.) 55s. net.* 

STEINHART, John S., and MEYER, Robert P. Explosion Studies of 
Continental Structure, University of Wisconsin, 1956-1959. With con- 
tributions by Prof. William E. Bonini, T. Jefferson Smith and Prof. George 
(Publication No. 622.) 11 in. = 8} in. (28 cm. x 21-5 em.). 
Pp. xiii +409+2 plates. (Washington, D.C.: Carnegie Institution of 
Washington, 1961.) Cloth 3 dollars ; Paper 2.50 dollars. * 


Geology : Mineralogy 


MEL, Bernhard. History of the Earth : an Introduction to Historical 
(Series of Geology Texts.) 10 in. x74} in. (25-5 cm. x 19 cm.). 
Pp. xii +610. (San Francisco and London : W. H. Freeman and Company, 


Arno Hermann.  Grossablaufe der Stammesgeschichte : 
Erscheinungen und Probleme. 9} in. x 6} in. (24cm. I7cm.). Pp. vii+ 
116. (lena: Gustav Fischer Verlag, 1961.) 18.20 D.M.* 
RAASCH, Gilbert O. (edited by). Geology of the Arctic : Proceedings 
of the First International Symposium on Arctic Geology held in Calgary, 
Alberta, January 11-!3, 1960. Vol. 1: Pp. xv+1732. Vol. 2: Pp. vi+ 
733-1196. 10 in.x7 in. (25:5 18 cm.). (Toronto: University of 
Toronto Press ; London: Oxford University Press, 1961.) 205s. net the 
lumes*. 
TERPSTRA, P., and CODD, L. W. Crystallometry. 10 in.x 7} in. 
Sem. 18-5 cm.). Pp. xv+420. (London: Longmans, Green and 
Co., Ltd. 1961.) 70s. net.* 


General Biology : Natural History 
Zoology : Botany 


INS, Hedley J. B. (edited by). Tools of Biological Research, Third 
8} inv. x 53 in. (22 em.x 15 cm.). Pp. xii+155. (Oxford : Black- 
well Scientific Publications ; Springfield, IIl.: Charles C. Thomas, 1961.) 

. 6d. net.* 

ACKEBERG, Curt. Die Cactaceae: Handbuch der Kakteenkunde. 
Band 5: Cereoideae (Boreocactinae). 9} in.x7 in. (25 cm.» 18 cm.). 
Pp. xoccix—xliv + 2631-3544+tafeln 212-255. (Jena: Gustav Fischer 
Verlag, 1961.) 107 D.M.* 

BRIGGS, G. E., HOPE, A. B., and ROBERTSON, R. N. Electrolytes and 
Plant Cells. (Botanical Monographs, Vol.1.) 9in.x 5} in. (23 cm. 15 cm.). 
Pp. x+217. (Oxford: Blackwell Scientific Publications ; Springfield, 
i. : Charles C. Thomas, 1961.) 40s. net.* 

CELL MOVEMENT AND CELL CONTACT : Proceedings of the Sym- 
posium held from September 10-14, 1960, University of Leiden, at Noord- 
wijk, The Netherlands. (Experimental Cell Research, Supplement 8.) 9} in. 
<6} in. (23-5 cm. » 165 cm.). Pp. viii+281. (New York: Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd., 1961. Pub- 
lished under the auspices of the International Society for Cell Biology.) 
Clothbound 93s. ; Paper bound 79s.* - 

DE MEILLON, Botha, DAVIS, David H. S., and HARDY, Felicity. Plague 
in Southern Africa. Vol. 1 : The Siphonaptera (excluding Ischnopsyllidae). 
92 in. x 7} in. (25 cm. x 18-5 cm.). Pp. viii+280 (62 plates). (Pretoria : 
Government Printer, 1961.) R.4; 40s.* 

ESDORN, Ilse. Die Nutzpflanzen der Tropen und Subtropen der 
Weltwirtschaft. 9} in. x 6} in. (23-5 cm. 16 cm.). Pp. viii+ 159. (Stutt- 
gart: Gustav Fischer Verlag, 1961.) 24 D.M.* 

HARKER, K. W. In collaboration with NAPPER, D. An Illustrated 
Guide to the Grasses of Uganda. 10} in. x7} in. (26 cm. 18S cm.). Pp. 
v+63+124 plates. (Entebbe: Government Printer, 1961.) Shs. 22/50.* 

HERKLOTS, G. A. C. The Birds of Trinidad and Tobago. 7} in. 
Shin. (19-5 cm. x 13. cm.). Pp. 287+20 plates. (London : William Collins, 
Sons and Co., Ltd., 1961.) 42s. net.* : 

MACHLIS, Leonard (edited by). In association with BRIGGS, Winslow 
R. Annual Review of Plant Physiology, Vol. 12. 9 in.x6 in. (23 cm.» 
15S cm.). Pp. vii+502. (Palo Alto, Calif.: Annual Reviews, Inc., 1961.) 
7 dollars.* 

MAHESHWARI, P., and VASIL, Vimla. Gnetum. (Botanical amg 
No. |.) 9} in. x 6} in. (24 16 cm.). Pp. xii+142. (New hi : 
Council of Scientific and Industrial Research, 1961.) Rs. 20.00; 40s.* 

ORR, Robert T. Vertebrate Biology. 9} in. 6} in. (24 cm. x 16 em.). 
Pp. x+400. (Philadelphia and London : W. B. Saunders Company, 1961.) 
7.50 dollars ; 52s. 6d.* 

PORTMANN, Adolf. Animals as Social Beings. Translated from the 
German by Oliver Coburn. 84 in. x 5} in. (21-5cm. 1Sem.). Pp. 2474-32 
plates. (London : Hutchinson and Co. (Publishers), Ltd., 1961.) 30s. net.* 


Agriculture : Horticulture : Forestry 


HAWORTH-BOOTH, Michael. The Flowering Shrub Garden Today. 
8} in. x 5} in. (22 cm. 1S cm.). Pp. 151437 plates. (London : Country 
Life, Led., 1961.) 30s. net.* P 

IKIN, R. Gladioli. (Amateur Gardening Handbook, No. 28.) 6j in. » 
4} in. (17 em.x 12 cm.). Pp. 92. (London: W. H. and L. Collingridge, 
Led., 1961.) 4s. net.* 

NANJUNDAYYA, C., and 7 other authors. Cotton in India: A Mono- 
graph, Vol. 3. 10 in. x 7} in. (25°5 19em.). Pp. viii +295 + 20 plates. 
(Bombay : Indian Central Cotton Committee, 1960.) Rs. 30; 45s.* 

PEARCE, S. A. Ornamental Trees for Garden and Roadside Planting. 
Chapters on Diseases by Derek A. Reid ; and Insect Pests by Joyce Van 
Konynenburg. Pp. 195+94 photographs. (London: W. H. and L. Col- 
Led., 1961.) 35s. net.* 

RRY, Frances. Water Gardening. Third revised edition. 8} in. 
S} in. (22 cm.x 15 cm.). Pp. xvii+338+105 illustrations. (London : 
Country Life, Ltd., 1961.) 30s. net.* 


RICHARD, Jean-Louis. Les Foréts Acidophiles du Jura: Etude Phyto- 
cologique. 


sociologique et (Commission Phytogéographique de la 
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Société Helvécique des Sciences Naturelles. Matériaux pour le levé 


age de la Suisse, Fascicule 38.) 9 6} in. (23 em. 16 cm.). 
ip. 164. (Berne: Editions Hans Huber, 1961.) 27-50 francs.* 

SIKKA, S. M., and I! other authors. Cotton in India: a Monograph, 

10 in. x 7} in. (25-5 cm. x 19 cm.). Pp. x+378 (20 plates). (Bom- 
bay : Indian Central Cotton Committee, 1961.) Rs. 30; 45s.* 

UNWIN, C. W. J. Sweet Peas. (Amateur Gardening Handbook, No. 
26.) 6} in. x 4} in. (17 12 cm.). Pp. 92. (London: W. H. and L. 
Collingridge, 1961.) 4s. net.* 

WANG, Chi-Wu. The Forests of China, with a Survey of Grassland and 
Desert Vegetation. (Maria Moore Foundation Publication Series, No. 5.) 
Hl in. <8} in. (28 em.x 21'S cm.). Pp. xiv+313. (Cambridge, Mass. : 
Botanical Museum, Harvard University, 1961.) 3 dollars.* 


Biochemistry : Physiology : Pathology 


BEGG, R. W., HAM, Arthur, LEBLOND, C. P., NOBLE, R. L., and 
ROSSITER, R. J. (edited by). Canadian Cancer Conference : Proceedings 
of the Fourth Canadian Cancer Research Conference, Honey Harbour, 
Ontario, June 12-16, 1960. 9} in.» 6} in. (23-5 cm. x 16 cm.). Pp. xii+ 
435. (New York : Academic Press, Inc. ; London : Academic Press, Inc. 
(London), Ltd., 1961.) dollars.* 

CLADEYRO-BARCIA, R., and HELLER, H. (edited by). Oxytocin : 
Proceedings of an Internationai Symposium held in Montevideo, 1959. 
8} in. x 5S} in. (22 cm. 1S cm.). Pp. xxiv+443. (London and New York : 
Pergamon Press, 1961.) 100s. net.* 

COATES, Jr., J. B., HOFF, E. C. (edited by). Assisted by HOFF, P. M. 
Preventive Medicine in World War II. Vol. 5: Communicable Diseases 
Transmitted Through Contact or by Unknown Means. (Medical Depart- 
ment, United States Army.) in. «7 in. (25-5 cm.x 18 em.). Pp. xxiii + 
ye Washington, D.C.: Government Printing Office, 1960.) 5.75 

jollars. * 

GRAY, C.H.,and BACHARACH, A. L. (edited by). Hormones in Blood. 
9} in. x 6} in. (23-5 cm. x 165 cm.). Pp. xviii+655. (London : Academic 
og) Inc. (London). Ltd.; New York: Academic Press, Inc., 1961.) 


KENIGSBERG, Alexander K. Origin and Nature of Cancer : a Compre- 
hensive and Unified Theory of Cancer. 8} in.» he in. (21) cm.» 
14cm.). Pp. 144. (New York : Bookman Associates, 1961.) 4 dollars.* 

OVERBERGER, C. G., STEIN, W. H., BLOUT, E. R., and SCHERAGA, 
H. A. (edited by). Proceedings of the Symposium on Microstructure of 
Proteins. Presented at the 138th National Meeting of the American 
Chemical Society, New York City, September 14, 1960. (Originally pub- 
lished in Journal of Polymer Science, Vol. 49, No. 151, January 1961.) 10 in. x 
6} in. (25°5 cm. x 16-5cm.). Pp. 175. (New York : Interscience Publishers, 
Inc.; London : Interscience Publishers, Ltd., 1961.) 6 dollars.; 48s.* 


Philosophy : Psychology 


AMBROSE, Gordon. Hypnotherapy with Children : an Introduction to 
Child Guidance and Treatment by Hypnosis for Practitioners and Students. 
7h in. x5 in. (19 cm. 12-5 cm.). Pp. 160. Second edition. (London : 
Staples Press, 1961.) 12s. 6d. net.* 

FRANK, Jermone D. Persuasion and Healing : a Comparative Study of 
Psychotherapy. 8} in. x 5} in. (22cm. Pp.xiv+282. (Baltimore, 
Md.: The Johns Hopkins Press; London: Oxford University Press, 
1961.) 35s. net.* 

HARLOW, S. Ralph. A Life After Death. 8} in.x 5} in. (22 cm.» 
1Scm.). Pp. 264. (London : Victor Gollancz, Led., 1961.) net.* 

NEMIAH, John C. Foundations of Psychopathology. 8} in. 5} in. 
(21 cm. x 14 cm.). Pp. xx+338. (New York: Oxford University Press, 
Inc. ; London : Oxford University Press, 1961.) 52s. net.* 

POLE, David. Conditions of Rational Inquiry : a Study in the Phil hy 
of Value. 8} in.» 5} in. (22 cm. 14 cm.). Pp. ix+229. (London : e 
Athlone Press, University of London, 1961. Distributed by Constable and 
Co., Ltd.). 30s. net.* 

RIDGER, R.S. Statistical Reasoning in Psychology : an Introduction and 
Guide. 7} in.x5 in. (185 cm.). Pp. viit+204. (London : 
University Tutorial Press, 1961.) 15s.* 

SODDY, Kenneth (edited by). Cross-Cultural Studies in Mental Health. 
|: identity. 2: Mental Health and Value Systems. 8} in. 5} in. (22cm. 
1S cm.). Pp. xii+271. (London: Tavistock Publications (1959), Led.. 
1961.) 25s. nec.* 

SYMPOSIA ON PSYCHOPHARMACOLOGY held in Tokyo, May 30, and 
Osaka, June 5, 1960. (Folia Psychiatrica et ica ica, Supplement 
6.) 92 in.x in. (25 cm. 16 cm.). Pp. iii+ 106. (Niigata: Niigata 
University College of Medicine, 1960.) n.p.* 


Miscellany 


ALLEN, G.C. The Structure of Industry in Britain : a Study in Economic 
Change. 7} in. 5 in. (19 cm. 12-5 cm.). Pp. x+236. (London : Long- 
mans, Green and Co., Ltd., 1961.) 12s. 6d. net.* 

AUGER, Pierre. Current Trends in Scientific Research : Survey of the 
Main Trends of Inquiry in the Field of the Natural Sciences, the Dissemina- 
tion of Scientific Knowledge and the Application of such Knowledge for 
Peaceful Ends. 10} in. x 8} in. (265 cm. 21 cm.). Pp.245. (New York : 
United — ; Paris: Unesco; London: H.M. Stationery Office, 
1961.) 33s.* 

BROWNE, R.C. Health in Industry : a Guide for Engineers, Executives, 
and Doctors. 8} in. x 52 in. (22 cm.x 15 cm.). Pp. viit+-157. {London : 
Edward Arnold (Publishers), Ltd., 1961.) 18s. net.* 

BUSTINZA, F. Dies Afnos de Amistad con Sir Alexander Fleming. 

in. x 6} in. (21-5 em.x 16 cm.). Pp. 267. (Madrid: Editorial M.A.S., 
1961.) 150 ptas.* 

IRWIN, Raymond, and STAVELEY, Ronald (edited by). The Libraries of 
London. Second, revised edition. Pp. 332. (London: The Library 
Association, 1961.) 36s.* 4 

LONGRIGG, Stephen Hemsley. Oil in the Middle East : Its Discovery 
and Development. ond edition. 8} in. x 5} in. (22 cm.x 1S cm.). Pp. 
xiii+401. (London : Oxford University Press, 1961.) 35s. net.* 1 

MILWARD, G. E. Launching and Managing O and M. 7} in.x5 in. 
(19 cm.x 12°5 cm.). Pp. xiv-+ 94. (London : Macmillan and Co., Led. ; 
New York : St. Martin’s Press, Inc., 1961.) 15s. net.* 
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THE NEW E.270 BATH INCORPORATING 


LIMITED 


TOWNSON & MERCER 
SCIENTIFIC EQUIPMENT 


dlxvi N ATUR E December 30, 196] 


T & M DEVELOPED 


THERMISTOR BRIDGE CONTROL* 


(PATENTS PENDING) 


TEMPERATURE SET BY CALIBRATED DIAL 
FULLY AUTOMATIC BOOST HEATING 
POWERFUL DUCTED IMPELLOR STIRRING 
COMPLETELY UNOBSTRUCTED WORKING Space 


RANGE: 50°F to 250°F (10°C to 120°C) 
ACCURACY: BETTER THAN +0.02°F (+0.01P¢) 


PARTICULARLY SUITABLE FOR KINEMATIC 
VISCOSITY TESTING TO B.S.188/1957 
AND I.P. TEST METHOD 71/58. 


* An A.C. Bridge incorporating a sensitive 
dual thermistor, mounted in the bath 
liquid. Out of balance voltages from this 
bridge control the thermostat and boost 
heater relays. 


Write for Leaflet C270 


Ranging in size from 1.5 mm. o.d. 
upwards. Also super-precision and 
sealed ball bearings in several sizes. 


| Full particulars and sizes 
are available on application, 


The Searings illustrated are actual size. 


REGO. TRADE MARKS: F.B.C. FAFNIR. 


FAFNIR BEARING COMPANY LTD. WOLVERHAMPTON 


ENDECOTTS TEST SIEVE 


for accuracy 


Separation of powder and aggregates—particle analysis— 
micro sieving problems. B.S. 410: 43—U.S. Standards— 
Tyler Equivalents. Write for literature. 
We operate a Recovering Service 


ENDECOTTS (Fitters) LTD. Phone: LiBerty 8121/2/3 
20a Lombard Road, London, $.W.19. Grams: Endifilt, London 


| 
CROYDON Heath 6262 
OXFORD Oxford. 41900 
7 | 
F 
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oyaTURE”. DECEMBER 30. NOT CIRCULA 
SUPPLEMENT: RECENT SCIENTIFIC AND TECHNICAL Books 


Vol. 192, No. 4809 SATURDAY, DECEMBER 30, 1961 


The world’s largest range of mass spectrometers 


is produced by Instrumentation Division 


Materials research at the David Sarnoff Research Center of the Radio 
Corporation of America. The instrument shown is an AEl spark source 
mass spectrometer type MS7 designed for impurity determination and Technical literature is available from :— 

analysis of solid samples at the sub p.p.m. level. AEIl mass spectro- Ltd., 
meters have also been supplied to universities, research establish- 

ments, or atomic energy authorities in Australia, 8razil, Canada, may 
India, New Zealand, Russia and throughout Western Europe. Urmston, Manchester. 


Instrumentation Division 
Associated Electrical Industries Limited 
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YOU'LL FIND 
ANSWER IN 
RANGE 


MOST LABORATORY MODELS AVAILABLE EX-STOCK, CRAWLEY, 


EDWARDS HIGH VACUUM LTD | sussex 
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VERNIER 


A 


NATURE 


READING 
MANOMETER 


A New, smaller, more portable model 


This robust instrument replaces the well-known Casella 
Micrometer reading Manometer. Its improvements include 
the highest sensitivity over the whole extended range. 
The Vernier reads to 0.001 inch over the whole range of 8 in. 
Maximum pressure is 100 p.s.i. above atmespheric pressure. 
Its principle of operation is that a steel measuring point to 
which the water level is brought is fixed point upwards under- 
neath the surface. An eyepiece views this point at 45° below the 
water. The internal reflection of the image of the point together Zero point and its 


with the point itself appears as illustrated on the right. The ag , - 
point always being under water obviates surface tension at the — euln. 


moment of contact. 

Used in industry, research and education for use with 
pitot-static tubes, etc., or for measuring all kinds of small 
pressure differences. 


Cc. F. CASELLA & CO. LTD., 
Regent House, Britannia Walk, London, N.1. Clerkenwell 8581 (6-lines) 


Members of the Scientific Instrument Manufacturers’ Association of Great Britain and the 
British Scientific Instrument Research Association 


RY 


NEW DEVELOPMENT 


for the ZEISS 
ZEISS | Spectrophotometer PMQ11 


A unique attachment is now available —_ Full details of the Zeiss range 
for extinction measurements and of Photometers from: 
evaluation of paperchromatograms and 


electrophoresis bands in the visible and 
ultraviolet spectral regions. The new 
Chromatogram attachment has been 
constructed to take spools of paper up 


qeobardt 


AND COMPANY LIMITED 


to 200 cms. long in addition to the 6 Cavendish Square, London, W.1. 


usual 15 cms. paper strips. 


Telephone: LANgham 6097/8/9 
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MASS SPECTROMETER 


BENDIX MODEL 14-101 MASS SPECTROMETER SHOWN WITH AN OSCILLOSCOPE AND AN ANALOG RECORDER 


The Bendix* Time-of-Flight Mass Spectrometer com- 
bines high speed and sensitivity with extreme versa- 
tility. 10,000 complete mass spectra are presented 
each second covering a mass range of m/e | to 
m/e 5000 with unit resolution to mass 200. The instru- 
ment exhibits the unique ability to handle a wide 
range of samples from the usual low boiling gases 
and liquids to solids with vapor pressure os low as 
10-° atmospheres at 2500°K. The versatility of the 


mass spectrometer coup!cd with a wide variety of 
Bendix engineered sample inlet systems make it par- 
ticularly suited to such application as Monitoring 
chromatograph output, determinations of vapor pres- 
sures, heats of vaporization, free radical studies, 
solids’ analyses, shock tube research, appearance 
potential measurements, photoionization, molecular 
structure studies, photochemical reaction studies, 
combustion analyses and plasma jet analyses. 


*Registered Trademorh 
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SPECIAL 


atures 


@ 10,000 complete mass spectra per second @ Parts per million sensitivity 

@ Wide mass range—1-5000 @ High resolution @ Multi-Channel recording 
@ Modular plug-in electronics @ Wide sample range @ Analyzes liquids, solids, gases 
@ Open source and detector geometry @ Wiley electron multiplier @ Stainless steel 
vacuum system @ Getter-type pump (Optional) @ Wide variety of sample inlet systems 


@ No volume restricting magnets @ Low noise level multiplier @ Oscilloscope readout 
@ Line of sight inlets @ Variable electron energy 


Technical Sales and Service Representatwes located in most major countries. 


205 E. 42ND ST., NEW YORK 17, N.Y., U.S.A. 


CABLE ADDRESS: N.Y. 


| 
| 
’ 
{ 


ding 
gases 


N.Y, 


If an instrument could be said to be a glutton for 
work, unwavering in its reliability over long periods 
of continuous duty, the Pye Universal Precision 
Potentiometer would merit that description. It is 
a skilful and confident instrument, ready to give 
clear, unambiguous answers to any potential 
problem. It is the outcome of combining fifty 
years of experience with an alert awareness of 
today’s requirements. It’s an instrument of 
distinguished performance and complete reliability 
—at an economic price. 


W.G.PYE & CO.LTD 


YORK STREET 
CAMBRIDGE: ENGLAND 
TEL: Cambridge 58866- Telex: 81105 


Fifty-year-old genius 
wins 1962 honours 


Multipliers extend the basic range giving readings 
from 1 microvolt to 17.5 millivolts with high 
accuracy. Steps of 50 millivolts are selected by 
switch, the intervals between each step being 
covered by rotary slide wire with slow motion 
control. The slide wire has 500 divisions. The 
self-cleaning switches have low contact resistance. 
The coils are heat treated and well aged, and every 
instrument is checked against laboratory standards. 
For most applications the Pye “Scalamp” Gal- 
vanometer No. 7891/S is the most suitable 
indicating instrument. For full details write to 


e 
ir 
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GRIFFIN CHROMATOGRAPHY 


Our complete range of instruments 

for chromatography 

includes the following: 

D6 CHROMATOGRAPH 

FLAME IONISATION CHROMATOGRAPH 
KATHAROMETER CHROMATOGRAPH 
ABSORPTION (JANAK) CHROMATOGRAPH 
HIGH SPEED CHROMATOSCOPE 

TURNER DIELECTRIC MONITOR 

GAS DENSITY MONITOR 

SAMPLE INJECTION SYRINGES 
RECORDERS 

CHEMICALS FOR GAS CHROMATOGRAPHY 
STEADY STATE DISTRIBUTION MACHINE 


Details and prices on request. 


Griffin 

Flame 
lonisation 
Chromatograph 


— now in production 


Advantages of the Flame lonisation Detector 


%* High signal-to-noise ratio for trace analysis, 
together with wide linear range 

%* Detects all organic compounds 

%* Suitable for analysis of aqueous solutions 


This chromatograph is more than one instrument, it is a whole ‘family’, 
designed around the Flame Ionisation Detector, and is the first 

British Gas Chromatograph available commercially in 

‘building brick’ form. This equipment has already found wide application 
in industry, and because of its simplicity and accuracy, 

is particularly suitable as an inexpensive apparatus for educational purposes. 
One member of this family (as illustrated) costs only £328.10s 

complete with recorder. 

A special conversion assembly is also available to enable the many users 
of the Griffin VPC Katharometer Chromatograph to fit the 

Flame Ionisation Detector into their existing oven using the same recorder. 
The versatility of the Flame Ionisation Detector when used with 

various combinations of ovens, columns, power supplies and recorders 
enables the user to choose a complete gas chromatograph 

from a standard range of units. 


GRIFFIN & GEORGE 


GRIFFIN & GEORGE (SALES) LIMITED Chromatography Division 
Ealing Road, Alperton, Wembiey, Middlesex. PERivale 3344 


LONDON - BRISTOL - BIRMINGHAM - MANCHESTER - NEWCASTLE UPON TYNE - GLASGOW 
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AECL’'S NEW THERATRON 
is designed to your most exacting clinical 
Standards—and your budget: Check these 
FIVE important new features: 


” 


INDEPENDENT SOURCEHEAD SWIVEL — 
] makes available the full range of stationary 
field techniques. Simple setup procedure 
for upright as well as 


reclining patients. 


HIGH CAPACITY 
with a new URANIUM insert for highly 
efficient output rates at medium and long 
treatment distances: 


=- up to 50 rmm 


AECL'S EXCLUSIVE EIGHT-SIDED 
DIAPHRAGM-—simply “dial” the field to 
fit the size and shape of the tumour. 


throughout the wide range of treatment 
distances: A full selection of penumbra 
trimming accessories: 


PRECISION BEAM DIRECTION AND 
LOCALIZATION—using the range of easily 
attached accessories available with the 
THERATRON “C=”, 


4 CLOSE PENUMBRA CONTROL= 


For additional infor- | ATOMIC ENERGY OF CANADA UMITED 


mation-please write to COMMERCIAL “PRODUCTS DIVISION | 


P.O. BOX 93 + OTTAWA + CANADA 
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An adequate and commensurate REWARD will be paid for m- 
formation leading to the recapture of the above office junior 
who is under the delusion that she has lost the address of | | 


ASSOGIATED LEAD and who now fears that her 


employers are unable to obtain supplies of LEAD, TIN, ANTIMONY | « 
AND THEIR ALLOYS; 99-999% PURE LEAD, TIN AND ANTIMONY;| “ 

The 
SOLDERS, including Solid and Cored Solder Wire; ANTIFRICTION | * 


S 


> 
i= 4 


METALS; ANTIMONIAL LEAD; GABLE ALLOYS; LEAD SHEET AND PIPE; ] 
x 

DENSE LEAD SHIELDING FOR NUGLEAR WORK. This girl is suffering | * 
Th 

from strong guilt feelings and may have assumed an alias. Un 
Th 

This announcement is issued for and on behalf of Ser 


ASSOCIATED LEAD MANUFACTURERS LIMITED, Ey 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, £.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 
Export Enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C2 
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THE OVARY 


In 2 volumes 


Edited by Sir SOLLY ZUCKERMAN, Department of Anatamy, 
The Medical School, University of Birmingham 


Assisted by ANrtA M. MANDL and Peter ECKSTEIN, 
Department of Anatomy, The Medical School, University of Birmingham 


Published in two volumes, the present treatise provides a comprehensive and up-to-date account 
of the development, structure, and function of the vertebrate ovary, with special reference to mammals. 
It also includes a brief account of certain aspects of the invertebrate ovary. 

The book is intended more for the research worker than the general student, and will be of con- 
siderable interest not only to the endocrinologist, but also to comparative anatomists, zoologists, and 


experimental embryologists. 


VOLUME 1, JANUARY 1962, 619 pp., 157s. 


Contents : 


The Development of the Ovary and Oogenesis 
By L. L. FraNcuHi, ANITA M. MANDL, and Sir SOLLY 
ZUCKERMAN 


The Structure of the Ovary—Invertebrates 
By L. HARRISON MATTHEWS 
The Structure of the Ovary—Vertebrates 
By L. L. FRANCHI 
The Structure of the Ovary—Mammials (The Comparative 
Anatomy and Histology of the Ovary) 
By R. J. HARRISON 
Ovarian Histochemistry 
By F. JaAcosy 


Atresia 
By D. L. INGRAM 


The Ovarian Cycle in Vertebrates 
By J. S. Perry and I. W. ROWLANDS 
Ovarian Physiology in the Non-pregnant Female 
By P. ECKSTEIN 
Ovarian-Pituitary Relationships 
By |. CHESTER JONES and J. BALL 
The Mechanism of Ovulation 
By A. S. ASDELL 
Ovarian Activity during Gestation, Ovum Transport and 
Implantation 
By E. C. Amoroso aid C. A. FINN 
The Menopause 
By A. SHARMAN 
ts of Ovarian Function 
By P. M. F. BisHop 
AUTHOR INDEX—SUBJECT INDEX. 


VOLUME 2, SPRING 1962, about 600 pp. 


Contents : 
The Chemistry and Biochemistry of Natural and Artificial 


By R. J. Boscotr 
The Chemistry and Biochemistry of Progesterone and 
Relaxi 


By R. J. Boscott 


Experimental Modification of Ovarian Development 

By E. WoLFF 
Experimental Studies of the Role of the Developing Gonads 
in Mammalian Sex Differentiat’on 

By L. J. WELLS 
The Effect of Ovarian Hormones on the Development of the 
Urogenital Tract and Mammary Primordia 

By E. WoLFr 
The Histogenesis of Urogenital and Mammary Tissues 
Sensitive to Oestrogens 

By A. RAYNAUD 


111 FIFTH AVENUE, NEW YORK 3 


Paradoxical Effects of Ovarian Secretions 
By R. TOWNER HILL 

The Influence of the Ovaries on Secondary Sexual Characters 
By H. G. VEVERS 

The Influence of Nutrition on the Ovary 
By CEciLia LUTWAK-MANN 

Effects of External Factors on the Activity of the Ovary 
By R. M. FRAPS 

The Ovary and Behaviour 
By J.T. Eayrs and A. GLAss 

Transplantation of the Ovary 
By P. L. KROHN 

The Action of Ionizing Radiations on the Mammalian Ovary 
By A. LACASSAGNE, J. F. DUPLAN, H. MARCOVICH, and 
A. RAYNAUD 

Tumours of the Ovary and the Role of the Ovary and its 

Hormones in Neoplasia 
By J. W. Orr 

AUTHOR INDEX—SUBJECT INDEX. 


Telephone: HYDe Park 6436 


BERKELEY SQUARE HOUSE, BERKELEY SQUARE, LONDON W & 
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STABILITY WITH TIME | 


For long-term stable 
D.C. Reference Voltages 
use 


STANDARD 
CELLS 


REFERENCE 
CELLS 


They are Stable, Reliable, Robust, Repeatable — 
and the price is right. Saturated or Unsaturated 
types for industrial or academic purposes 


ESSENTIAL FOR RESEARCH WRITE FOR PUBLICATIONS 425 & 430 
AND EXPERIMENT M UIR H A D 
Full Catalogue from Precision Electrical Instruments 
R. & BECK Ltd. MUIRHEAD & co. BECKENHAM 
CAN YOU WASH ALL THIS GLASSWARE IN AN HOUR AND A HALF? 
J 
( 
1 
t 
f 
3 


Perhaps not! But the Fisher De Luxe Laboratory Glassware Washer can—so making it —_ | 
possible to clean five or six such loads every day, without taking up much more of the 
laboratory workers’ time than is required to load and unload the washing drum. ‘ 


For iully illustrated leaflet on the Fisher “‘Standard”’ and ‘‘De Luxe’’ Glassware Washers, 
and for a demonstration, write to: 


SHANDON SCIENTIFIC COMPANY LIMITED; | 
6 CROMWELL PLACE, LONDON S.W.7 Tel. : KNightsbridge 113 


\ 
| MUIRHEAD | 
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LENDING LIBRARY 


SCIENTIFIC, TECHNICAL, MEDICAL 


Annual Subscription from £2.5.0 


PROSPECTUS POST FREE ON REQUEST 
THE LIBRARY CATALOGUE a classified Index of Authors 


subscribers £1! Ss. net. To non-subscribers £2 2s. net; postage 2s .6d. 
Supplement to December i959. To subscribers 5s. net. To non- 
subscribers !0s. 6d. net; postage 9d. 


H. K. LEWIS & Co. Lid 
136 GOWER STREET, LONDON, W.C1 


Telephone : EUSTON 4282 (9 lines) Established 1844 


WANTED TO PURCHASE 
Scientific books & periodicals 
Entire libraries, and smaller collections; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 

111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEWYORK 

British Office: ACADEMIC BOOKS, LTD. 


Berkeley Square House, Berkeley Square, London, W.1 
HYDE PARK 6436 


Instrumental 
Optics 


BY G. A. BOUTRY 
TRANSLATED BY R. AUERBACH 


Professor Boutry’s book is a comprehensive 
treatise on theoretical optics specially written 
for designers of instruments and bearing their 
practical difficulties in mind. For physicists 

and others who use instruments, the book has 
much that will aid their understanding of instru- 
mental limitations. 


Price £8 8s. 


HILGER & WATTS LTD 


98 ST PANCRAS WAY, LONDON NWI 
Western Hemisphere rights: Interscience Publishers Inc., New York 


Life 
its Nature, Origin and 
Development 


A. I. OPARIN 


Translated from Russian by ANN SYNGE 


Comparative biochemistry is beginning 
to throw light on the evolution of living 
things long before the time of the 
earliest fossils. Professor Oparin, the 
greatest living authority in this field, has 
already, in The’ Origin of Life on 
the Earth, sammed up current and 
previously held theories on the origin 
of life and now in his new work he 
puts forward his own views in as simple 
a way as possible. Without entering 
in any great detail into scientific contro- 
versy he has much to say that will be 
found original and thought-provoking. 
By carrying the evolutionary ideas of 
Darwin into the biochemical field 
Professor Oparin has been able to 
conjecture the probable nature of some 
of the earliest organisms which arose 


on the Earth. 21s net. 


OLIVER 


& BOYD 
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INTERSCIENCE PUBLISHERS 


CONTENTS . 


105/- 

392 pages 
69 figures 
40 tables 


for the 


CONTENTS. . 


113/- 

442 pages 
79 figures 
53 tables 


ESE 


ADVANCES IN 


TEXTILE PROCESSING Volume I 


edited by J. EDWARD LYNN, Consultant to the Textile and Allied Indus "+. did Greenwich, Connecticut 
and J. J. PRESS, Materials Branch, U.S. Navy Clothing and Textile Research Laboratory, Brooklyn, New York 


CHEMISTRY AND TEXTILES 


LAUNDRY INDUSTRY 


by HARRY COHEN, Laundry Management Consultant, New York 
and GEORGE E. LINTON, Dean of the Textile Department, Fashion Institute of Technology, New York 


Water 

Alkalies 

Soap 

Synthetic Detergents 

Bleaches 

Lime Soap and Phosphates 
CMC-Carboxymethylcellulose 
Iron 


. Bluing 

. Starches 

. Sours (Acids) 

. Spot and Stain Removal 

. Laundering of Radioactively Contaminated Fabrics 
. Laundry Testing by Chemical Methods 

. Standards Used in the Laundry Industry 


PY 


The first of a new series designed to supply the orientation in depth 
required to place all textile processing advances in the proper 
perspective. Each individual and critical review, or group of reviews, 
will be written by recognized authorities in particular fields. Processing 
recommendations, based on critical evaluations of the relative merits 
of each method, are also offered. 


Nonwoven Fabrics 

Chemical Finishing Processes Leading to Wash-and-Wear 
Cotton Fabrics 

Evaluation of Wash-and-Wear 

The Processing of Synthetic Fibers into Wash-and-Wear 
Apparel 

Chlorine-Resistant Resins 

Recent Developments in Wool Textile Processing 

The Felting of Wool and the Manufacture of Wool Felt 

The Neutral Scouring of Grease Woois 

Water, Oil, and Grease Repellency 

Thermoplastic Resin Dispersions for Textile Finishing, 
1 for Dyeing Hydrophobic Fibers wit) the Disperse 

yes. 


Index 


Designed to meet the need for a textbook which would portray simply, 
effectively, and concisely the many fundamental facts necessary for 
the efficient operation of a laundry. It contains every conceivable fact, 
procedure, test, and detail required by laundry managers, purchasing 
agents, and hospital, hotel, and institutional administrators. 


16. The National Institute of Drycleaning 

17. Drycleaning 

18. Spot and Stain Removal in Drycleaning 
19. Organizations in the Laundry Industry 
20. Major Textile Fibers 

21. Cotton 

22. Fabrics Used in the Laundry Industry 

23. Flax (Linen), Ramie, Jute, Hemp 

24. Properties of the Major Man-Made Fibers 
25. Wool, Silk and Feathers 

26. Dyeing of Textiles 

27. Textile Testing 

28. Rug Cleaning 

29. Causes of Defects in Fabrics and Garments 
Appendix Index 


-(@p) INTERSCIENCE PUBLISHERS LIMITED 
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A DIVISION OF 
NEW YORK 


JOHN WILEY & SONS 


LONDON 


— 


ADVANCES IN 


PETROLEUM CHEMISTRY 
AND REFINING Volume IV 


edited by JOHN J. McKETTA, Jr., Professor of Chemical Engineering, The University of Texas, Austin, Texas 


An annual series of critical evaluations of new developments in 
leum refining and in petro-chemicals. Underlying the selection 
is the desire to give topics of actuality and timeliness and to touch on a 


wide variety of subjects. 


150/- 
600 pages 
171 figures 
100 tables 


~ GROUP I: ECONOMICS AND FUTURE TRENDS 
1. New Statistical Methods for Process Analysis 
GROUP II: UNIT OPERATIONS AND DESIGN 
2. Vapor Phase Adsorption in Gas Processing 
3. Molecular Sieves 
GROUP III: REFINING PROCESSES 
4. Treating and Sweetening 
5. Nuclear Radiation Processing 
6. Catalysts for Petroleum Refining 
GROUP IV: PETROCHEMICALS 
7. Elastomers 
8. Nitriles and Amines 
9. Benzene Aromatics from Petroleum 
10. Manufacture of Mono- and Diolefins from Paraffins by 
Catalytic Dehydrogenation 
GROUP V: MECHANICAL EQUIPMENT 
11. Turbulent Diffusion Flames in Jets 
Index———Cumulative Index: Volumes I-IV 


SUBMICROGRAM EXPERIMENTATION 


edited by NICHOLAS D. CHERONIS, Brooklyn College of The City University of New York 
MICROCHEMICAL JOURNAL SYMPOSIUM SERIES: Volume I 


This first volume in a new Symposium Series contains the proceedings 
of a conference held in Arlington, Va., in 1960. The main purpose 
was to bring together investigators from widely separated areas of the 
physical and biological sciences to exchange information on the 
problems of instrumentation, observation, and correlation of data in 
experimentation with minute quantities of matter invisible to the 


eyes of the investigators. 
CONTENTS 


1. Introductory Remarks 

2. Inventory of Unique Problems in Experimentation in the 
Submicrogram Range 

3. Identification in the Submicrogram Range 

4. Trace Element Analysis 

: Trace Analysis in Marine Chemistry 
6. Submicrogram Methods Used in Studies of the Synthetic 
Elements 

7. Development of Microbiological Assays for Biochemical, 
Oceanographic, and Clinical Use 

8. A Tentative Microbiological Assay for Carcinogenicity Below 
the Microgram Level 

9. X-Ray Spectroscopy as a Tool for the Analysis of the Elements 
in Biological Systems 

10. Olfactory Sensing Methods for Physico-Chemical Measurements 

11. The Microscopic Identification of Single Particles 

12. Gas Chromatography. Detector Systems 


360 pages, 104 figures, 22 tables. 


13. Microcoulometry in Gas Chromatography 

14. The Determination of Pesticide Residues—Enzymatic Methods 
of Analysis 

15. X-Ray Absorption of Biological Material for Submicrogram 
Analysis 

16. Cytochemistry in the Ultraviolet 

17. Infrared Identification of Paper Chromatographed Compounds 

18. Infrared Microspectrophotometry 

19. Chemical Studies with the Electron Microscope on Structurally 
Intact Cells 

20. Reporters’ Session: Summary of the Symposium 

2x. Some Aspects of Submicrogram Chemistry 

22. Some Aspects of Micro Experimentation in Organic Chemistry 

23. Application of Fluorescence to Submicrogram Analysis 

24. Evaluation of Symposium a and New Fields for FiResserch. 
Index to Discussors — Subject Index 


Cloth bound 96/- 


(AD) 


Paper bound 81 /- 


88-90 Chancery Lane, 


London, W.C.2 
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the world’s 


STECHERT-HAFNER 


international 


booksellers 


Books on all subjects in all languages, 
new and out-of-print 


Subscriptions handled for every journal 


NEW YORK | 31 EAST TENTH STREET, NEW YORK 3, N.Y. 
LONDON STAR YARD, CAREY STREET, W.C.2 
PARIS | 16 RUE DE CONDE, PARIS VIE 
STUTTGART HOLDERLINSTRASSE 38, STUTTGART 
and agents throughout the world 


OF SECTIONS THE ‘PEARSE’ COLD 
ORIFICE FOR MICROTOME 
co, JET 
ANTI-ROLL = RESETTING CONTROL 
CONTROL The Original “ces 

Microtome With A 
ING FRAMED External Controls 


PERSPEX 
BAFFLE 


From .cesh tissue to mounted stained 
sections in 3 minutes. 


FEATURES 
@ Cuts sections down to | micron. 
@ Serial sections cut at 3 microns. 
@ Entirely remotely controlled. 
@ Thermostatic control between —5°C. and — 30°C. 
@ For ultra-thin sections and friable tissues knife blade 
cooled to — 50°C. 
@ Cuts freely at all temperatures ; will not rust. 
@ Instant availability for rapid biopsies. 
@ Low initial cost and minimum operating attention. 


SLEB 


SOUTH LONDON ELECTRICAL EQUIPMENT CO. LTD. ae -_ WHEELS 


LANIER WORKS, HITHER GREEN LANE, LONDON, S.E.13 
Telephone: LEE Green 4814/6 Telegrams SLEECO, LONDON 


| 
CONTROL 
MICROTOME 
a 
NIGHT 
COVER 
| 
FRIGIDAIRE 


ang 


RECORDING 
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Wray 4:1 


COPYING LENS 


THE PHOTOGRAPH ON THE PHOTOGRAPH ABOVE 
THE LEFT IS OF THE TR12 IS OF THE OSCILLOGRAPH 
RECORDING CAMERA BY RECORDING CAMERA BY 
SOUTHERN INSTRUMENTS D. SHACKMAN & SONS, 
LTD., of CAMBERLEY, of CHESHAM, BUCKS. 
SURREY. 

Write for literature Tel.: RAV 0112 


WRAY (OPTICAL WORKS) LTD., BROMLEY, KENT 


DESOXYRIBONUCLEASE 

RIBONUCLEASE 
CRYSTALLINE ENZYMES_ CHYMOTRYPSIN 
OF PANCREATIC ORIGIN | TRYPSIN 


Available in commercial as 
well as research quantities. 


| 
23 wine | 
| | 
» 
: 
i 
ME 
prices and information, write: = 
7 
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—EQUIPMENT FOR——_ 
PLANT PHYSIOLOGY 


for early delivery. 


*‘Mikrops’’ Electric Clinostat, small pattern 
for A.C. Mains only. | revolution every 
quarter-hour. Inclinable at any angle from 
vertical to horizontal. 


Catalogues on application. 


FLATTERS & GARNETT LTD. 
309 OXFORD RD., MANCHESTER, 13. 


Part of our extensive service to Biologists 


HOSLAB 
Trade Mark 
Laboratory Equipment 


Stockists of 
VOSS 
MAGNETIC 
STIRRERS 


and 


HOT PLATES 


For details, write or visit 


HOSPITAL AND LABORATORY SUPPLIES LTD. 


12 CHARTERHOUSE SQUARE 
LONDON, E.C.1 
Telephones: Clerkenwell 4840, 794/ 


COMPLETE LABORATORY FURNISHERS 


PHYSICAL AND OPTICAL 
INSTRUMENTS 
AND APPARATUS 
SPINDLER 
& HOYER «.. 


GOTTINGEN 
WEST GERMANY 


Illustrated is the 
VISCOMETER for 
Chemical Laboratories, etc. 


Details of this and a 
number of other 
Spindler & Hoyer 
instruments  obtain- 

able from the United 
” Kingdom Agents : 


Newbold & Bulford Ltd 


Manufocturers and Exporters of Scientific Instruments 


ENBEECO HOUSE, ROGER ST., GRAY’S INN RD., W.C.1 
TELEPHONE: CHA S614 (3 lines) 


NEW IMPROVED 
GENERAL PURPOSE 


THERMOSTATIC OVEN 
£26 complete 


carriage paid U.K. 


Exterior : 
Sin. « 1Sin. 21 in. : 


Interior : 


> 
= 


Operating Temp. : 
30° C to 260° C 4 


Temp. variation : 
at 100°C about + 2.5°C 
Heating up time : 
to 260° C in one hour 
Temp. Constancy : 
better than I° C 


Overshoot : 
not more than app. 5°C - 


The Oven is |} in. fibreglass-insulated on all sides and door, 
and is fitted with 3 weldmesh trays, vent, thermometer 
aperture, and calibrated thermostat. Mild steel construction, 
finished Cloud Grey enamel. 


Order with confidence or request detailed leaflet : 


R. E. PICKSTONE LTD. 


36 Avon Trading Estate, Mornington Avenue, London, W.l4 
FULham 4558, and at Industrial Estate, Thetford, Norfolk. Thetford 2238 


4 
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LTD. | 
A micro- “, 
scope objective 
for the examina- 
i tion of most reflecting 
surfaces by reflected light 
e at approximately x 100 
magnification, which pro- 
duces an interference fringe 
pattern on the specimen 
corresponding to variations in 
height of the surface. Though ° 
new designed for use with Watson 
microscopes, it is contained with- 
in a simple unit which can be 
fitted to almost any microscope 


having a standard R.M.S. objec- 
tive thread. Measurements of 


Interference scratch or pit depth and layer j 
thickness by bevelled polishing 


and staining can be made. By 

inspecting the pattern of the 

interference fringes, surface 

figures and _ irregularities 

iec ive smaller than 1/10 wave 
length (i.e., 0.06 microns) 

deep can be resolved. 

The price of this 
high-grade instru- 
ment is only 
£57-10.0d. 


JERS 


wstruwent Grove 


WATSON & SONS LTD., BARNET, HERTFORDSHIRE 
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State of readiness 


There's no waste space in a chestnut; 

it's functional through and through. Armour, padding, 
insulation, packed full with potential promise. 

Many instruments need this same compactness, 

this same ability to endure heat and cold, sudden shock, 
vibration, changes of speed and pressure, 

and still function readily when the looked-for stimulus is felt. 
Venner reserve type batteries enable designers to 
achieve this; compact, robust, hermetically sealed, these 
lightweight units provide abundant, enduring power 
under extreme operating conditions. 


VENNER FEFSERVE TYPE BATTERIES 


FOR PACKAGED POWER 


Venner Accumulators Lim ited, A member of the Venner Group of Companies 


Send for full techmcai details 


KINGSTON BY-PASS + NEW MALDEN SURREY +* MALDEN 2442 
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ION EXCHANGE with 


Tonic groups 
in Sephadex 
have given a range . 
of ion exchangers 


the firt of whichis DE AE-SEPHADEX 


an anion—exchanger Properties: 
available in two types high capacity even for large 
A 25 molecules 
A50 low non-specific adsorption 
each type in sieve fractions: 
Applications: 
Coarse serum proteins - peptides 
medium nucleic acids - nucletoides 
polysaccharides 


(R) PHARMACIA uPpPSALA SWEDEN 


Representatives Send for our booklet. 


AUSTRIA: Contex Ges. m. b. H., Wien 1, Wipplingerstrasse 25 - AUSTRALIA: Andrew Thom, Lid., Athom House, 261 Broadway, ae 
Sydney - BELGIUM: N. V. Société Belge d’Optique, 108, Rue de la Prairie, Gent ~ DENMARK: A/S Pharmacia, Lindeallé 48, a 
Copenbagen — Vanlése - FINLAND: Pharmacia Oy, Alexandergatan 48, Trappa As, Helsing fors - FRANCE: Jarre- Jacquin, Recherches ah 
et Laboratories, 18, Rue Pierre Curie, Paris (V‘) - GERMANY: Pharmacia G. m. b. H., Bad Naubeim, Parkstrasse 12 - GREAT 
BRITAIN: Savory & Moore, Lid., 60/61 Welbeck Street, London, W. 1. - HOLLAND: Van Oortmerssen N. V., De Ruyterstraat 48, 
The Haque - NORWAY: A/B Pharmacias informasjonskontor, clo Arne Orvig, Darresgate 2, Oslo - SWITZERLAND: Opopbarma 
A.-G, Postfach, Ziirich 25 » UNITED STATES: Pharmacia Fine Chemicals, Inc., Sales Office, Box 1010, Rochester, Minn. 
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W.G.PYE& CO.LTD 


YORK STREET 
CAMBRIDGE - ENGLAND 
TEL: Cambridge 58866- Telex: 81105 


What's in a Whiff 
of Gas from a 
Hot Chip of Rock ? 


THE PYE ARGON 


CHROMATOGRAPH 
can tel youl 


It has been done! A tiny sample of th [ 
gases evolved from a heated fragment of © 


rock has been successfully analysed in the 
Pye Argon Chromatograph to reveal the 
presence of hydrocarbons at subterranean 
levels. Perhaps this is not so surprising 
when the extreme sensitivity of this unique 
instrument is so well known in laboratories 
throughout the world. 

Its unique performance is the result of 
many design advances, particularly th 
ionisation detector originated by Dr. J. E 
Lovelock. The effects of pressure, flow and 
temperature upon the detector are so in- 
significant that the degree of control is set 
solely by the column requirements, In 
every routine or special application, sim- 
plicity of operation is combined with reduced 
analysis times, giving a high overall factor 
of reliability and economy. 

A variety of injection systems for liquids 
and gases, semi-preparative and full-scale 
preparative units, integrating amplifiers and 
many other accessories are available. 


Write now for full details“of this outstanding 
instrument, 


| 


es 


= 
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STANDARD EQUIPMENT 


+ High vacuum Lonny | system with Wild-Barfield-NRC 
oil diffusion pump and Gas Ballast mechanical pump. 


t * Metal cabinet base, overall dimensions 35” x 43” x 34” high. 
. * Pyrex bell jar, 18” diameter x 12” long, protected with a wire 
mesh guard, or optionally a stainless steel bell jar. 
i * Water-cooled basin to shield the bell jar and to catch 
spilled metal. 
4 * Feed-through for thermocouple wires or heater leads for 
special work. 
4 * 15 kW. power supply, controlled with a variable auto- 
transformer. Power is supp”'od to the split tungsten sleeve 
through water-cooled coaxia: leads. 


ELECTRIC FURNACES 


Model 2904 
2 Ib. to 8 lb. capacity 


(FOR OPERATION UP TO 2,000°C) 


Made in Britain to the designs of the National 
Research Corporation of Mass., U.S.A. who have 
built more high vacuum furnaces now in success- 
ful operation than any other firm in the world. 
The Model 2904 Vacuum Furnace is a self- 
contained unit for high-temperature operation 
at high vacuum or under controlled atmosphere. 
It is heated by a tungsten resistance heating 
element with molybdenum heat shields in a 
water-cooled stainless steel sleeve. 


This permits : 


* Close control of temperature 
* Good heat distribution 
* Long life 
* No outgassing or contamination 
from refractories 
FOR MELTING * POURING *+ SINTERING 
ALLOYING + HEAT-TREATING * ANNEALING 


Vacuum Arc and Vacuum Induction Furnaces 
Vacuum Analysis Equipment * Vacuum Diffusion Pumps 


* 
is the trade-mark of the Natione!l Research Corporation, registered in 
the United States Patent Office. 


FOR ALL HEAT-TREATMENT EQUIPMENT 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. 


TELEPHONE : WATFORD 26091 (8 LINES) 
NRCS 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s. for the first line and 
6s. per line thereafter. Lines in capitals or 
containing words in capitals 12s. per line. 
Semi-dispiayed £4 16s. per single column 
inch. Colour (orange) £15 extra. Is. is 
charged for the re-direction of replies to 
advertisements with a box number. 

ADVERTISEMENTS SHOULD BE 
ADDRESSED TO: T. G. Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Tele- 
grams: Textualist, Estrand, London. 


APPOINTMENTS VA~ANT 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 

Applications are invited for the following 
appointments : 

SENIOR LECTURESHIP IN MICROBIOLOGY 

For this newly-established post applicants 
should possess postgraduate qualifications and 
have had research experience in the organic chem- 
istry and/or biochemistry of nucleic acids. The 
appointee will be expected to carry out research 
on nucleic acids in relation to micro-organisms. 

LECTURESHIP IN GENETICS 

Preference will be given to applicants with 
training in cither (i) microbial genetics (including 
biochemical genetics); (ii) Drosophila or mouse 
genetics; (iii) statistical genetics. Applicants 
should state the particular field in which their 
research interests lie. It is envisaged that the 
successful candidate should work wot only in 
the sub-department of genetics but also with the 
University Department which corresponds with his 
field of interest, ic, botany, microbiology, 
zoology. The person appointed will be expected 
to engage in active research. 

The salary ranges are: Senior Lecturer, £1,750 
per annum, rising to £2,000 per annum by three 
annual increments, two of £100 and one of £50. 
Lecturer, £1,250 per annum, rising to £1,700 per 
annum by annual increments of £75 each. Com- 
mencing salary within the respective ranges will 
be determined according to qualifications and ex- 
perience. Travel and removal expenses are 
allowed within certain limit 

Further particulars and information as to the 
method of application may be ov'ained from the 
Secretary. Association of Universities of the 
British Commonwealth (Branch Office), Mari- 
borough House, Pall Mall, London, S.W.1. Ap- 
icath i and London, for 


on January 26. 1962. 


MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(Faculty of Technology in University of 
Applications are invited, preferably from 


organic chemists with Ph.D., for appointment as 
Research Fellow in the College of Science and 
De 


years under the direction of Dr. A. R. Thompson, 
Lecturer in Colouring Matters in the University 
and im the College. Candidates have re- 


January 17, 1962. 


IMPERIAL CANCER RESEARCH 
FUND 


RESEARCH ASSISTANT IN DIVISION OF 
PATHOLOGY 


£850 wo £1,250 per annum, depending on quailifi- 
cations and experience, ondon allowance. 
Superannuation (F.S.S.U.) and children’s allow- 


ance. 

Three copies of application, with names of three 

referees, to be sent to the Secretary, Imperial 
Research Fund, Lincoin’s Inn Fields, 


GROUP LEADER 


for 

_.,. | FLUID DYNAMICS 
Central Electricit 
p RESEARCH 


Applications are invited from 


ENGINEERS and PHYSICISTS 


for an appoiatment as leader of a Group working on the 
mechanics of Thin Fluid Films within the Fluid Dynamics 
Section of the Engineering Division at the Central 
Electricity Research Laboratories, Leatherhead. 
The work is of a fundamental nature and is primarily directed towand 
the solution of problems of shaft sealing and lubrication encountered ip 
advanced generating plant. 
_ At present a team is engaged in research on mechanical seals, and it js 
intended that this should lead to the development of designs suitable 
for use in extreme conditions of temperature and pressure, such as ag 
met with in modern boiler feed pumps. It is proposed to extend this 
work into the field of lubrication, with particular reference to machinery 
of advanced design. 
The successful candidate will be given considerable discretion ip 
a an appropriate programme of work for the team under his 
control. 
Candidates must possess a good honours degree in Engineeri 
and have considerable research in on 
eld. 
@ Saleries within the range £1 ,715—£2,395 per annum according to 
qualifications and experience. 
Applications, stating age, qualifications, experience, present position 
and salary, to the Appointments Officer, 24/30 Holborn, London, EL], 
by January 15. Quote Ref. N./553. 


CYANAMID OF GREAT BRITAIN LIMITED 
AGRICULTURAL DIVISION 


require a 


SENIOR LABORATORY TECHNICIAN 


to operate a 
MOBILE LABORATORY 


A mobile field laboratory is to be established to provide laboratory 
support for certain types of field experiments with new Veterinary and 
Agricultural Products. Applicants should be Associates or Fellows of 
the Institute of Medical Laboratory Technology, or possess comparable 
qualifications. Experience of Veterinary Laboratory diagnostic methods 
is desirable together with the ability to acquire new techniques in a range 
of agricultural fields as required. Considerable travel within the United 
Kingdom will be necessary. The initial salary will be approximately 
£1,000 per annum, with good employee benefits, including an attractive 
Pension/Life Assurance scheme. 

Suitably-detailed applications, which will be acknowledged, should te 
a in complete confidence, to: 


Personne! Manager 
CYANAMID OF GREAT BRITAIN LIMITED 
Bush House, Aldwych, London, W.C.2 


Cancer . 
Londos, W.C.2, before January 21, 
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£1,000 per annum; F.S.S.U. 
Regulations and forms of application may be 
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4 | Applications are invited from graduates in Hy 
‘ medicine or biology interested in cytology, experi- id 
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ment initially for three years. Salary in range 
| 
| 


nd room to expand with 
"ENGLISH ELECTRIC’ 


Research and Development Personnel 


Our business is special electronic valves and tubes. Among the many 
devices we produce will be found: 

Image orthicons and vidicons for television cameras, Magnetrons and 
Klystrons for all types of radar equipment. Storage tubes for 
“Storing” transient pictures, Semiconductors for power rectifiers. 
Large and small transmitting valves, travelling wave tubes, parametric 
amplifiers and other low noise microwave devices. 

To support our production and to keep our lead in world markets 
our research and development teams need men with first-class qualifica- 
tions and some industrial experience. 

We should be pleased to hear from men who think that they have 
the right background for this work and they should write to: rx 4 
Personnel Services, English Electric House, Strand, London, W.C.2. 
Quoting reference number N 1595Q 


CHEMICAL 
RESEARCH 


The Chemical Division of The Distillers Company Limited wish to 
appoint a Section Leader in the divisional Research and Development 
Department located at their Hull, Yorkshire, factory, where a wide 
range of organic chemicals are manufactured in bulk. The 
Department itself comprises modern and well-equipped research 
laboratories and pilot-plants. 

Candidates, preferably a between 27 and 37, must hoid a good 
honours degree in chemistry. Postgraduate research experience. 
either academic or in the chemical or allied industries, is essential. 
The Department undertakes research and development work on new 
and existing liquid and vapour-phase processes for the manufacture 
of large tonnage organic chemicals. Each section within the 
Department is made up of several qualified research chemists ; the 
Section Leader co-ordinates the laboratory work of his section, and 
collaborates with pilot-plant staff when a project reaches the 
pilot-plant stage of its development. In the wider sphere, he also 
contributes to the formulation of the research and development 
policy of the Department as a whole. 

This post demands a real ability and enthusiasm for chemical 
research, coupled with an originality of mind and versatile approach 
to the diverse problems that arise ; it offers exceptionally challenging 
prospects for very early promotion, and therefore the man appointed 
must show not only proven enterprise for the present assignment, but 
also considerable potential for future progress. 

The Company operates a non-contributory pension scheme : 
assistance can be given to married men towards house purchase 
and removal expenses. 


DCL 


Write: STAFF MANAGER, 
THE DISTILLERS COMPANY LIMITED, 
21/22 BOLTON STREET, LONDON, W.1. 
Quote Reference : 96/61 N. 


RESEARCH FELLOW OR RESEARCH 
ASSISTANT IN PHYSICS 

Applications are invited for the position of 
Research Fellow or Research Assistant to assist 
in a programme of research into the physics of 
ice, water and clouds being initiated in the De- 
partment of Physics of this University under the 
direction of Dr. N. H. Fletcher. The appointee 
will work on experimental problems in solid 
state physics concerned with the structure and 
physical properties of ice, silver iodide and related 
materials. In addition experimental work may be 
undertaken on some physical properties of clouds 
in the atmosphere. A Research Fellow should 
preferably have a doctorate in physics. A Re- 
search Assistant would be given the opportunity 
to work for a higher degree. Previous experience 
in the particular field of study, while an advan- 
tage, is not essential. The commencing salary for 
the Research Fellow will be determined accord- 
ing to qualifications and experience within the 
range £A.1,730 by £A.105 to £A.2,435 per annum 
plus the current cost of living adjustment of 
£A.47 per annum, and for a Research Assistant 
within the range £A.845 by £A.65 to £A.1,360 
per annum plus the cost of living adjustment. 
Fares and a removal allowance will be paid for 
the appointee. 

Further information may be obdtained from the 
Acting Registrar, with whom applications (two 
copies), close on January 19, 1962. Applicants 
from South Africa and the United Kingdom 
should forward one copy of their application to 
the Registrar, University of New England, Armi- 
dale, N.S.W., Australia, and an additional copy 
to the Secretary, Association of Universities of the 
British Commonwealth, Marlborough House, Pail 
Mall, London, S.W.1 (from whom additional in- 
formation may also be obtained) to reach him 
by the same date. 


UNIVERSITY OF MELBOURNE 
DEMONSTRATORS (2) IN ZOOLOGY 
Applications are invited for the above- 
mentioned posts. Applicants should have a 
science degree with a major in zoology. Duties 
will be mainly demonstrating in second and third 
year courses in zoology, but some demonstrating 
in the first year biology course will be expected. 
The demonstrators will be encouraged to under- 
take research and may work towards either the 
M.Sc. or the Ph.D. degree. The Department is 
well-equipped for research in genetics, cell- 
Physiology, ultrastructure biology, and has 
recently acquired an extension which includes an 
aquarium, radioisotope laboratory and specialized 
facilities for cytogenetics, biochemical genetics and 
electrophysiology. A high resolution Siemens 
Electron Microscope is shared with the Botany 
Department. (A long wheel base Land Rover is 
used for ecological work.) The Head of the 
Department is Professor M. J. D. White, F.R.S. 
Duties begin on March 1, 1962, or as soon as 
possible thereafter. The salary range is £A.1,120 
to £A.1,300 per annum, initial salary depending 
on qualifications and experience. A grant to- 
wards travelling expenses will be made to an 

appointee from outside Victoria. 

Applications should reach the Registrar, Uni- 
versity of Melbourne, Parkville, N.2, Victoria, 
Australia by January 31, 1962. 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF MATHEMATICS 

Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Subdepartment 
of Computation. Salary scales: Lecturer, £1,050 
by £50 to £1,400 by £75 to £1,850 with an effici- 
ency bar at £1,475. Assistant Lecturer, £800 by 
£50 to £950. The initial salary will depend on 
qualifications and experience. 

Further particulars should be obtained from 
the Secretary and Registrar, The University, 
Southampton, to whom applications (seven copies 
from United Kingdom applicants) should be sent 
not later than January 26, 1962. 


PHYSICIST 
Victoria College, Victoria, B.C., invites appli. 
cations for a position to be filled in the Depart 
ment of Physics from July 1, 1962. Salary and 
rank will depend upon qualifications and experi- 
ence. The present salary floors are $9,000 for 
Associate Professor and $7,000 for Assistant Pro- 
fessor. In addition to teaching, fundamental re- 
search is expected. The new science building is 
now being started and will provide the necessary 
space and facilities for research. 
Inquiries or letters of application should be 
addressed to the Head of the Department of 
Physics, Victoria College, Victoria, B.C., Canada, 
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SCOTTISH & NEWCASTLE 
BREWERIES LIMITED 


CHIEF CHEMIST 
NEWCASTLE UPON TYNE 


Applications are invited from suitably 
qualified . graduate chemists with 
experience or interest in Microbio- 
logical problems, to take charge of 
a laboratory devoted to the control 
and investigation of materials and 
process of a large progressive 


brewery, and to participate in 
developmental and fundamental 
investigations. 


This is a senior position, and will 
command a suitable salary. 
Applications to The Secretary, 
THE NEWCASTLE BREWERIES LTD. 
Haymarket, NEWCASTLE UPON TYNE, 1 


UNIVERSITY OF SYDNEY 
SENIOR LECTURESHIP AND 
LECTURESHIPS IN ELECTRICAL 
ENGINEERING 

Applications are invited for the following posi- 
tions in the School of Electrical Engineering: 

(a) Senior Lectureship in Electrical Engineering. 
Candidates should be well qualified in Electrica! 
Engineering and have proven research ability. The 
successful applicamt will be required to teach at 
undergraduate and postgraduate levels and to 
andertake research. Preference will be given to 
a candidate who is interested in undertaking re- 
search in the field of radio-astronomy. 

(6) Lectureships (Two) in Electrical Engineering. 
Candidates should be well qualified in Electrical 
Engineering or Physics and able to undertake 
teaching and research in one or more of the fields 
of power engineering, electronics, solid state 
circuits and devices, circuit theory, control 
systems, computers or energy conversion. 

The salary for a Senior Lecturer is within the 
range £A.2,550 by £A.95 to £A.3,000 per annum ; 
for a Lecturer within the range £A.1,730 by 
£A.105 to £A.2,435 per annum. In each case cost 
of living adjustments (at present £A.47 per 
annum) will be allowed. The salary is subject to 
deductions under the State Superannuation Act. 
The commencing salary will be fixed according to 
the qualifications and experience of the successful 
applicants. 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities of the 
British Commonweaith (Branch Office), Marl- 
borough House, Pall Mall, London, S.W.1. Ap- 
plications close in Australia and London on 
March 1, 1962. 


UNIVERSITY OF HONG KONG 
LECTURESHIP IN MECHANICAL 
ENGINEERING 
Applications are invited for the above- 
mentioned post. Applicants must be graduates 
of a British Commonwealth University or of 
equivalent status, and should preferably be Cor- 
porate Members of the Institution of Mechanical 
Engineers. The successful candidate will be re- 
quired to teach engineering subjects, including 
fluid mechanics, to degree level, and to supervise 
research in this field. Annual salary (superannu- 
able) is £2,150 by £75 to £2,825 (man) or £1,600 
by £60 to £2,140 (woman). The equivalent of 
income tax in the Colony is comparatively low. 
Air passages (or first class sea passages of cquiva- 
lent cost to tourist air passages) are provided for 
expatriate staff on first appointment and leaves. 
Accommodation at reasonable rental is provided 

for those recruited from abroad. 
Further particulars and information as to the 
method of application may be obtained from the 


Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Mari- 
borough House, Pall Mall, London, S.W.1. Ap- 
plications close, in Hong Kong and on 


January 31, 1962. 


RADIOCHEMIST 

The National Physical Laboratory, Teddington, 
requires a radiochemist in the Senior Scientific 
Officer / Scientific Officer grades to investigate some 
or all of the following problems: (1) The pro- 
duction of thin uniform, quantitative sources for 
428 counting. (2) The adsorption of radi 
activity on glass and polythene. (3) Separation 
and purification of radionuclides. 
dosimetry. In addition there will be opportunities 
for investigations using a 3 MeV Van de Graaff 
neutron generator. This post offers a unique op- 
portunity for the right person in an expanding 
section of the Laboratory. Adequate experimental 
facilities and supporting staff will be provided. 
The officer should have drive and initiative and 
be of such academic standing that he can work 
largely on his own. Qualifications: First- or 
second-class honours degree in chemistry or 
equivalent. For the senior post at least three 
years’ postgraduate research experience is re- 
quired. Salaries: Scientific Officer, £773 to 
£1,267 ; Senior Scientific Officer, £1,392 to £1,714. 

Forms from Director, address above quoting 65 


ZY. Closing date January 20, 1962. 


CHLORIDE ELECTRICAL 
STORAGE COMPANY LTD. 


has a vacancy for a 


LIBRARIAN 
(Female) 


to work in a special library serving their 
Group of Companies. 

Her duties will include compilation of 
bibliographies, classification, and the edit- 
ing of translations. Special emphasis will 
be placed on her ability to compile indices 
and to abstract intelligently. 

The successful applicant must have com- 
pleted part of her training towards the 
A.L.A. qualifications. 

Salary according to age and experience. 
Hours of work 9 a.m. to 5 p.m. Five-day 
week. Excellent canteen facilities. 

Applications should be sent to the Chief 
Personnel Officer, Exide Works, Clifton 
Junction, Manchester. 


ROYAL COLLEGE OF SURGEONS 
DEPARTMENT OF PHARMACOLOGY 
EXAMINATION HALL, QUEEN SQUARE, 
LONDON, W.C.1 


Head Technician wanted with considerable ex- 
perience in administration, general laboratory 
techniques, and workshop practice. Salary: 
Whitley Scales in Senior Technician grades. 
Applications by January 15, 1962. 


B.B.C. REQUIRES EDITOR, NATURAL 
History Unit in Bristol. The B.B.C. Natural 
History Unit, with its own complement of Pro- 
ducers and Film Research and Library Staff, pro- 
vides programmes for the B.B.C.’s national service 
in Television and Sound. The Editor is respon- 
sible, under general direction of Head of Pro- 
grammes, West Region (where the Unit is based) 
for professional standards of the output and 
organization of the staff. In addition to his own 
production work he will maintain liaison with 
outside bodies, particularly in scientific and 
academic fields, and should stimulate creative 
expression in terms ef broadcasting. The post re- 
quires appropriate specialist qualifications as a 
naturalist and professional experience in at least 
one relevant sphere of production (television, film 
or sound troadcasting). Some practice in ad- 
ministration and financial negotiation desirable. 
Salary £2,425 rising by five annual increments to 
£3,025 maximum per annum. Appointment might 
be made initially at a lower grade where an 
otherwise well qualified candidate required some 
technical training in production, or where an 
expert broadcasting practitioner needed time and 
opportunity to become more closely acquainted 
with the Unit's specialized activities.—Requests 
for application forms (enclosing addressed envel- 
ope and quoting reference 61.G.575 N), should 
reach Appointments Officer, Broadcasting House, 
London, W.1, within five days. 


TWO-PHASE FLOW; 


A graduate Engineer or Physicist is ‘ 
quired to be responsible for long um 
fundamental research work on . 
dynamic, heat and transfer and 
flow problems associated with two pip 
(liquid/gas) flow processes. Circuit Study 
include the investigation of wet steam fy 
and condensation. 

Experience in this field is not cong 
but some research experience would be » 
asset. 


Salary £900 to £1,300 per annum, 


Please reply to Box No. 603, T. G. Sql 
and Son, Ltd., 1 Clement's Inn, 


With 

ASSUMPTION UNIVERSITY 
WINDSOR 
DEPARTMENT OF PHYSICS hespital 

plannin; 


WINDSOR, ONTARIO, CANADA 
Graduate Assistantships. The Deparime 
Physics offers teaching and research 
to students qualified for admission to g 
studies. Fields of research include bem 
gamma-ray spectroscopy, electron srin 
optical pumping, atomic collisions 29] % 
measurements of excited states in atom 
up to $2,800 per annum, depending on qui 
tions and dutice in the department. 
Pertdociors'c Fellowships. Applications 
vited from caudidates wishing tc engage in e 
mental research either in the field of , 
pumping or in problems of energy tranny 
atomic collisions. The stipends amoum jw {ae 
for unmarried Fellows or $5,000 for 
Fellows. 
Inquiries concerning both Gradusic in 
ships and Postdoctorate Fellowships thou ip versity. 
addressed to Dr. L. Krause, Chairman, all-time 
ment of Physics, Assumption Univeniy 
Windsor. 


AUSTRALIA 
THE UNIVERSITY OF NEW SOUTH W; 
LECTURER 
APPLIED PSYCHOLOGY 

The University of New South Wales wise 
appoint a Lecturer to the staff of the Scho 
Applied Psychology. Applicants should ha 
honours degree or equivalent qualifi 
Special interests and experience in general 
logy, experimental psychology or statistics 
be particularly valuable. Salary: £A.1,77) 
£A.2,482 per annum. Commencing salary @ 
determined by qualifications and experience. § 
cessful applicant will be eligibie subject w 
examination to join the State super 
scheme. Other staff benefits include study 
and assistance with housing. First-class ship a 
to Sydney for appointee and family will be mi 
Four copies of applications, including the 
of two referees, should be lodged with the Age 
General for New South Wales, 56-57 
London, W.C.2, and a copy forwarded © 
Appointments Section, The University of 
South Wales, Box 1, Post Office, Ki 
N.S.W., by airmail to reach there before Jam 
15, 1962. 


SCOTTISH MARINE BIOLOGICAP 
ASSOCIATION 
OCEANOGRAPHIC LABORATORY 
EDINBURGH 

Assistant Experimental Officer required for 
analysis of plankton samples in the Conti 
Plankton Recorder Survey of the North Ais 
Ocean and the North Sea. Minimum quali 
tion: G.C.E., Scottish Leaving Certificae 
equivalent, with passes in specified subjem 
Advanced or Higher levels but preference wil ® 
given to graduates in botany or zoology. Sa 
according to age, £458 (age 18) to £801 (@e® 
and, by annual increments, to £983; 
depending on promotion. Contributory Sa 
annuation Scheme. 

Requests for further particulars and 
tion forms should be made as soon as posit 
to the Officer-in-Charge, Oceanographic Lar ler 
tory, 78 Craighall Road, Edinburgh, 6 


a 


| 
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PRINCE OF WALES HOSPITAL 
AVOCA ST. RANDWICK, N.S.W., 
AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
MEDICAL BIOCHEMIST 
plications are invited for appointment as 
Ane i ai at the Prince of Wales Hos- 
which is a teaching hospital in the new 
wvical school of the University of New South 
ales. . 
scale: Medical Graduates £3,204 to 
seh Science Graduates, £2,311 to £2,787, the 
salary depending on qualifications and ex- 
ence. The successful candidate will be 
igi onjoint university appointment at the 
Lecturer or Associate Professor, 
appointment carrying an additional remun- 


sation of £500 or £750 _Tespectively. ‘ 
¥. First class fares to Sydney will be paid for 
= appointee and his family, and the successful 


Pi andidatc will be eligible, subject to satisfactory 
sedical examination, to contribute to superannua- 

after twelve months service. — 

With the approval of the University and its 

hankers, married men may be assisted by loans 

with the purchase of a house. 

The appointee will be expected to develop the 

Mncspital’s facilities for biochemistry, including the 

planning of laboratories in a proposed building 

to establish work and 


0 


she school. 


m to Apol.ations should be sent with names of three 
ude bets ‘referees to the undersigned, from whom further 
rin formation may be obtained. Closing date Janu- 


R. F. KAYE-WEBSTER, 
Medical Superintendent and 
Chief Executive Officer. 


McMASTER UNIVERSITY 
POST-DOCTORAL FELLOWSHIPS IN 
PHYSICS 
applications are invited for National Research 
Council and other Post-doctoral Fellowships, ten- 
able in the Department of Physics, McMaster Uni- 
ips howe ie versity. Successful applicants may choose to work 
Sfull-time on their research or to supplement their 
research with a modest amount of lecturing. 
iries and applications should be addressed 


A.G.I. LTD. 
RESEARCH AND DEVELOPMENT 
ORGANIZATION 
105/107 LANSDOWNE ROAD, 
CROYDON 
Require male or female Laboratory 
Assistant for the Physics Department. 
Applicants should have G.C.E. 


Please write or phone CROydon 8282 in 
the first instance for an interview appoint- 
ment. 


INSPECTOR OF MINES 
NORTHERN RHODESIA 


Qualifications: Diploma or degree in 
mining of School of Mines or 
University, with at least five years experi- 
ence, preferably in metalliferous mining 
industry, including knowledge of under- 
ground ventilation practice. 


Age limits: 25-45. 


Duties: Enforcement of mining and ex- 
plosives legislation, inspection of mines and 
accident investigation. 


Terms of appointment: On contract for a 
iour of 36 months in the first instance. 


Emoluments in the scale £1,065 to £2,245 
plus gratuity of £37 10s. for each three 
months’ satisfactory service. Free passages. 
Quarters at rental. Free medical attention. 
Generous leave. Taxation at local rates. 
Apply to Director of Recruitment, Depart- 
ment of Technical Co-operation, Carlton 
House Terrace, London, S.W.1, stating full 
name, age, qualifications and ex and 


Physics, McMaster University, Ff 


‘Omario, Canada. 


OTH ASSISTANT AGRICULTURAL 
oY ADVISER 

‘ales wishes ADEN 

the Schoo To take responsibility for agriculture in a large 


hould hae @earea and arrange and supervise experimental 
) work. Duties require a knowledge of cultivation 
Sunder flood and well irrigation and include some 
administrative work for the running of a protec- 
orate station. Candidates (male), between 25-35, 

must have a degree in agriculture or equivalent 
wih experience in arid zone agriculture and a 
Pknowledge of spoken Arabic. Appointment on 
wort term contract, with a gratuity of 12} per 


permanent 
t. Salary in range £1,281 to £2,409. 
Pree passages. Generous leave. Furnished ac- 


Qhildren's education allowances. 

| Apply, stating full name and giving brief de- 

ails of qualifications and experience, to Director 

of Recruitment, t of Technical Co- 
Carlton House Terr London, 

S.W.1. Quote C1/RC 213/1/02. 


POSITION AVAILABLE 


An addition to the staff of the Geology Depart- 
ment at Mount Allison University has been 
authorized. Department therefore invites ap- 

pistions from those interested in teaching 
uired for Palaeontology and stratigraphy and developing 
tesearch in these fields. Applicants should have 
a Ph.D. or equivalent and a desire to pursue re- 
search work in the above fields. Preference will 
be given tu those with field and/or research ex- 
perience as well as teaching ability. The position 
tenable from July 1, 1962, and whilst the initial 

mt is probati y for one year, a perm- 
anent position exists. The college year leaves at 
feast four months free during the summer for field 
or laboratory work. 

Applications, giving age and other personal 
information, particulars of academic and other 
Qualifications and experience, names and addresses 
of references concerning the applicant's suitability 
for the position, should be addressed to the Head, 

of Geology, Mount Allison Univer- 
New B ick, Canada. 


sity, Sackvilk 


ing RC 242/108/01/C1. 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 
LECTURESHIP IN PSYCHOLOGY 
Applications are invited for the above- 
nnentioned post. Applicants should possess post- 
traduate qualifications and have research interests 
in experimental or social psychology. The salary 
scale for the position is £1,250 per annum rising 
to €1,700 per annum by annual increments of £75. 
Tommencing salary within this scale will be de- 
‘ermined according to qualifications and experi- 

once. 

Further particulars and information as to the 
nethod of application may be obtained from the 
Yecretary, Association of Universities 
British Commonweaith (Branch Offi-e), 
‘orough House, Pall Mall, London, S.W.1. Ap- 
tiications close in New Zealand and London on 
February 15, 1962. 


CITY OF LEICESTER EDUCATION 
COMMITTEE 
LEICESTER COLLEGE OF TECHNOLOGY 
AND COMMERCE 
Principal: R. E. Wood, M.Sc., F.Inst.P. 
Applications are invited for the post of Senior 
“ecturer in rmacology in the Department of 
Biology. Applicants should possess good 
‘onours degree and should be able to teach the 
wbiect for courses leading to the University of 
tondon External B.Pharm. degree. Opportunity 
vill be given for research. Salary: Burnham 
Technical Scale, £1,800 to £2,000 per annum. 
Application forms and further particulars may 
‘e obtained from the Registrar, Leicester College 
of Technology and Commerce. 


MEDICALLY QUALIFIED RESEARCH 
Worker with experience in tissue culture is re- 
qired by the Medical Research Council Human 
Bio-Chemical Genetics Research Unit. Salary 
within the range £1,250 to £1,975 (plus London 
allowance and child allowances), according to 
qualifications and experience.—Applications to 
Professor H. Harris, Department of Bio- 
Chemistry, King’s College, Strand, London, 


W.C.2. 


UNIVERSITY OF EDINBURGH 

Applications are invited for I.C.1. Research 
Fellowships in Biochemistry, Chemistry, i = 
ing, Pharmacology, Physics or Chemical Techno- 
logy (Chemical Engineering) normally tenable for 
a period of three years. Applicants should pre- 
ferably hold the degree of Ph.D., or have equiva- 
lent research experience. Appointments will date 
from October 1, 1962 (or earlier in the case of 
selected candidates who may be available before 
that date). The initial salary will depend upon 
qualifications and experience, but will normally 
be within the range £800 to £1,100 per annum, 
together with F.S.S.U. benefits and family aliow- 
ance. In the case of an overseas applicant, the 
Uni ity is also prepared to consider the pro- 
vision of an allowance towards defraying the cost 
of travel to and from Great Britain. Forms of 
application and further particulars may be ob- 
tained from the undersigned. 

Applications (two copies), should be submitted 
not later than February 16, 1962. 

CHARLES H. STEWART, 
Secretary to the University. 


ST. VINCENT’S SCHOOL OF 
MEDICAL RESEARCH 
MELBOURNE, AUSTRALIA 

Applications are invited for the post of Senior 
Research Assistant in Biochemistry. The ap 
pointee will be engaged full time in a research 
Drogramme in the field of protein chemistry. 
Applicants should possess a higher degree in 
Chemistry or Biochemistry, and should have 
several years experience in biochemical research. 
The salary range is £A.2,250 to £A.2.750 per 
annum. Sup rannuation will be availabic under 
the Institutional Staff Superannuation Fund 
Scheme. Travel for appointee and his 
family from the home country to Australia ana 
back will be paid for service of at least three 
years and pro rata for a shorter period 

Applications, stating name, ave, marital 
status, particulars of qualifications and experience. 
and the time when the applicant would be free 
t assume duty and accompanied ‘y copies of 
testimonials. should be semt to the Director of 
Research, Dr. Pehr Edman, St. Vincent's Schoul 
of Medical Research, Victoria Parade. Fitz vy 
N.6, Victoria. The closing date for applications 
is February 28, 1962. 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 
Applications are invited for the post of Lecturer 
or Assistant Lecturer in the rtment of 
Zoology. Candidates should have qualifications 
in genetics or cytogenetics. The salary scale for 
a Lecturer is £1,050 by £50 to £1,400 by £75 to 
£1,850, and for an Assistant Lecturer £800 by £50 
to £950. In addition there are F.S.S.U. benefits 
and family allowances. appointment will 
date from October 1, 1962. 
Two copies of the application should reach the 
Registrar, from whom further particulars may be 
obtained, not later than January 18, 1962. 


UNIVERSITY OF LONDON 
THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW'S HOSPITAL 
WEST SMITHFIELD, E.C.1 
Chief Technician required in the Physics De- 
partment to help in research work and in the 
general running of the department. The main 
lines of research are effects of radiations, using a 
15 MeV. linear accelerator, medical uses of radio- 
active isotopes and nuclear physics. Considerable 
experience in electronics, vacuum technology, 
scientific instrumentation and genéral laboratory 
techniques required. Salary according to Whitiey 
Council scale 


Applications, with the names of three referees, 
to be submitted to the S y of the Medical 
College, not later than January 15, 1962. 


UNIVERSITY OF SOUTHAMPTON 
Applications are invited for the post of Lec- 
turer or Assistant Lecturer in Pure Mathematics. 
scales: Lecturer, £1,050 by £50 to £1,400 
by £75 to £1,850 with an efficiency bar at £1,475. 
Assistant Lecturer, £800 by £50 to £950. The 
initial salary will depend on qualifications and ex- 
perience. 

Further particulars should be obtained from the 
Secretary and Registrar, The University, South- 
ampton, to whom applications (seven copies from 
United Kingdom applicants), should be sent not 
later than January 26, 1962. 
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UNIVERSITY OF WESTERN 
AUSTRALIA 
READERSHIP IN PHYSICS 

Applications are invited for appointment to the 
above-named position in the Department of 
Physics. Preference will be given to persons 
having research experience in low temperature 
physics. A Collins Helium Liquefier will be im- 
stalied in the new physics building now under 
construction and due for completion early in 1962. 
The University has also ordered an 1.B.M. 1620 
Computer which will be imstalled in the Depart- 
ment of Physics in August, 1962. The salary 
range for the position is at present £A.3,010 by 
£A.60 to £A.3,250 per annum, but it is expected 
that this range will be increased in the near 
furure to £A.3,000 by £A.100 to £A.3,300 per 
annum. Superannuation will be similar to 
F.S.S.U. 

It is important that intending applicants obtain 
details of the procedure to be followed in apply- 
ing for the position and a copy of the conditions 
of appointment before submitting their applica- 
tions. This information is available from the 
Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Mari- 
borough House, Pall Mall, London, S.W.1. Ap- 
plications close in Australia and London on 
January 31, 1962. 


UNIVERSITY OF NATAL 


DEPARTMENT OF CHEMISTRY AND 
CHEMICAL TECHNOLOGY 
Applications are invited from suitably qualified 
persons for appointment to the post of: Senior 
Lecturer in Inorganic Chemistry, Durban. The 
salary scale attached to the post is R.3,180 by 
R.120 to R.4,140 (£1,590 by £60 to £2,070) per 
annum. The commenoing notch on the above 
salary scales will be dependent on the qualifica- 
tions and/or experience of the successful candi- 

date. 
Application forms and further particulars of 
post are obtainable from the Secretary, 


Association of Universities of the British 
Commonwealth (Branch Office), Marlborough 
House, Pali Mall, London, S.W.1. Applications 


= in South Africa and London on January 31, 
1962. 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
SENIOR LECTURER IN PHYSIOLOGY 
The Council of the University of Otago, 
Dunedin, New Zealand, hopes shortly to appoint 
a Senior Lecturer in the Department of Physio- 
logy of the Medical School. Applicants should be 
medically qualified and have had a number of 
years’ experience of teaching and of postgraduate 
research in physiology. The salary of a medical 
graduate employed as a senior lecturer in the pre- 
clinical Departments of the school is in the range 

£2,075 to £2,525. 

Further information may be obtained from the 
Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Mari- 
borough House, Pall Mall, London, S.W.1. Ap- 
plications close in New Z and London on 
February 28, 1962. 


RESEARCH DEVELOPMENT CHEMIST RE- 
quired with experience of pilot seale fine chemi- 
cal drug manufacture. This is a senior post and 
offers an excellent opportunity for experienced 
well qualified organic chemist with good academic 
background.—Write in first instance, giving full 
particulars, to: The Managing Director, Biorex 
Laboratories Ltd., 47/51 Exmouth Street, 
don, E.C.1. 


INSTRUMENT-MAKER REQUIRED FOR: 
work on prototype Medical Research Apparatus. 
O.N.C. (or equivalent) in Instrument Making pre- 
ferred. Age: 21-27 years. Salary according to 
age and experience. Five-day week.—Apply, with 
details of education and experience to: The 
Director, Toxicology Research Unit, M.R.C. 
Laboratories, Woodmansterne Road, Carshalton, 


SENIOR ELECTRONIC TECHNICIAN, AGE 
21 to 30, required for new Medical Engineering 
Laboratories to develop, construct and maintain 
electronic and other types of equipment for use 
in medical research. Applicants with previous 
experience in this field and holding an H.N.C. or 
O.N.C. will be given preference. Salary scale 


£625 to £1,000 per annum, but applicants with 
higher qualifications may be appointed technical 
Officer in the range £700 to £1,250 per annum.— 
Application forms from Secretary, Postgraduate 
Medical School, Ducane Road, W.12. 


NATUR 


CONNAUGHT HOSPITAL 
WALTHAMSTOW, E.17 

Senior Laboratory Technician I required in the 
Bacteriology Department of the above hospital. 
Excellent opportunities for study for the Final 
Bacteriology examination. 

Forms of application may be obtained from 
Secretary, Forest Group H.M.C., Langthorne 
Road, Leytonstone, E.11. 


BRITISH GUIANA 


SENIOR GEOLOGIST 
AND GEOLOGIST 


(1) SENIOR GEOLOGIST. Qualifications: 
First- or upper second-class honours 
degree in geology with at least three 
years experience. Research experience, 
ability to supervise the work of others, 
and special knowledge of, and experi- 
ence in, igneous and/or metamorphic 
rocks, structural geology and prospect- 
ing as well as training in economic geo- 
logy are desirable. 


Duties: To organize a team of gco- 
logists engaged in geological mapping 
and prospecting and the investigation 
of mineral deposits. 


(2) GEOLOGIST. Qualifications: First- or 
upper second-class honours degree in 
geology or mining gcology. Experience 
desirable. 


Duties: General geological mapping 
and mineral investigation the 
interior. Work mainly on precambrian 
crystalline rocks with emphasis on 
petrographical, structural and economic 
studies. 


Yerms of appointment: On contract for 
two years in first instance with salary (1) 
Senior Geologist £1,830 per annum. 
(2) Geologist in scale £1,170 to £1,710 per 
annum plus gratuity of 22+ per cent in 
both cases. Outfit allowance. Education 
allowances (e.g., £150 per annum for child 
at United Kingdom boarding school). Free 
family passages. arters at moderate 
rental. Generous leave. Income tax at 
local rates. 


Apply to Director of Recruitment, De- 
partment of Technical Co-operation, Carlton 
House Terrace, London, S.W.1, quoting 
RC 218/16/03/C1 for Senior Geologist and 
RC 218/16/01/Cl for Geologist vacancy 
and giving full name, age, qualifications 
and experience. 


LIBRARIAN 


Required for an engineering com- 
pany situated in the Slough area. 
Applicants (male or female) should 
be over 24 years of age and have 
experience of special library work 
including U.D.C. classification. 
Consideration would also be given 
to applicants with library experience 
outside the engineering industry. 
Attractive salary and immediate 
entry into the Company's superan- 
nuation and life assurance scheme. 
Please reply, giving full details and 
quoting ref. 7176, to 


Box 604, T. G. Scott and Son, Ltd., 
Inn, London, W.C.2. 


COLLEGE LONDON, 
Applications arc invited 
for the following posts in the Department of 
Botany, duties to commence October 1, 1962. 
(1) Lecturer in Microbiology ; salary scale £1,050 
to £1,850 plus £60 London allowance. Interest ir 
bacteria or viruses. (2) Assistant Lecturer in 
Botany; salary scale £800 to £950 plus £6¢ 
London allowances. F.S.S.U. and family allow- 
ance for both posts.—Applications should be sent 
by January 22, 1962, to the Secretary, from whom 
further particulars may be obtained. 


UNIVERSITY 
Gower Street, W.C.1. 


December 30, 196] 
UNIVERSITY OF ST. ANDREW, 
Applications are invited for a Senior Lec 


ship or Lectureship in Electronic ia 
Department of Electrical Engincering, 


College, Dundee, to commence on a date » PO 
arranged. Candidates should preferably WV 
a Ph.D. degree in physics and suitable ex 
in electronics. Salary scales: Senior Lectureg 
£1,925 by £75 to £2,425; Lectureship, 
£50 to £1,400 by £75 to £1,850 | 
£1,400). F.S.S.U.; family allowance ang Ass 
towards furniture removal expenses. the 
Applications (six copies), containing the = 
of three referees, to be lodged with the Secm a 
of the University, Queen's College, Dundee dev 
whom further particulars may be obtained aft] des 
later than January 20, 1962. $2. 
INORGANIC CHEMIST: Php An 
Applications are invited for a staff a Rac 
Starting in July, 1962. Preference will be Ch 
to a specialist in X-ray crystallography and Che 
ture analysis. Salary and rank will be and 
surate with qualifications and experience. Fe 
Please send inquiries and a résumé of 
ground to Professor F. L. M. Pattison, Head, 
partment of Chemistry, University of W, 
Ontario, London, Ontario, Canada. 
= 
UNIVERSITY OF OXFORD fF_— 
Post-doctoral Assistantship for operation of » 
search mass-spectrometer for detection of 
reaction intermediates. Salary £800 to £1,000» 
annum ; to start on October 1, 1962, for ome| po: 
three years. 
Further details from J. W. Linnett, Inomy 
Chemistry Laboratory, Oxford. 


GRADUATE CHEMIST OR_ BIOCHEMD a 
required for Research and Development L 
tories of well-known Company in City of L 
Previous experience in the isolation of biog 
cal materials from natural sources is G 
Non-contributory Pension Scheme.—Write, 


age and details of experience and quali 
to Box 602, T. G. Scott and Son, Lid, G 
Clement’s Inn, London, W.C.2. ( 


RESEARCH ASSOCIATE OR ASSISTANT 
Ph.D. or Ph.D. candidate interested in defecs: s 
crystalline structure as applied to and 
properties of materials. Start Spring of 1% A 
Write to Dr. J. Marin, Department of mes 
ing Mechanics, The Pennsylvania State Univent and 
University Park, Pennsylvania, U.S.A. He 

Can 


THE EVANS MEDICAL RESEARG 
Laboratories require a Head of the Pha ' 
Department responsible for formulation and é 
velopment (on appointment of the present tot 
to an academic post). Modern laboratories of 
ing good scope in an expanding British omm 
tion.—Applications to the Director of Rean 
Evans Medical Ltd., Liverpool 24. 


THE ROYAL SOCIETY INTENDS TO MAR 
a senior appointment to its administrative wf 
and invites applications. Applicants should » 
ferably be between 40-45 years of age, hum 
high scienvific qualifications including considente| 
research experience and some familiarity wih # 
ministration of scientific or academic 
Duties will include international scientific relate 
and facility in ai least one foreign language wou 
be an advantage. Salary, according to age # 
experience in range £2,800 to £3,200 with ae 
annuation and children’s allowances.—Appie 
tions marked Personal”’ stating age, pee 
salary, previous experience and the names of ® 
referees, to be sent to Sir Howard Florey, Pre 
dent, The Royal Society, Burlington Hox 
London, W.1, before February 15, 1962. 


EXPERIMENTAL OFFICER OR ASSIS. 
ant Experimental Officer required by Resa 
Institute, Pirbright, for work on development ¢ 
live virus vaccines. Qualifications: H.E.C. B 
logy or equivalent. Salary scale: Assistam & 
perimental Officer, £551 at age 20 rising to &% 
or Experimental Officer, £1,087 rising to £1J% 
starting salary dependent on age and expenet 
Hose available for married 
to Secretary. 

APPLICATIONS ARE_ INVITED FROM 
honours graduates in chemistry or biochems 
to undertake physico-chemical research on # 
normal serum components. Suitable for Pil 
study.—Apply, with details of academic cat 
to Dr. P. Johnson, Department of Cols 
Science, Free School Lane, Cambridge. 
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ANDREW UNIVERSITY OF QUEENSLAND 
Senior READER OR SENIOR LECTURER IN 
McGILL UNIVERSITY ELECTRICAL ENGINEERING 
ming, Q ISTANTSHIPS IN The University invites applications for t 
date») rOsTORADU CHEMISTRY above-mentioned position. Appficants for the 
*ferably Readership are required to have a higher degree 
table ex Applications are invited from _ persons in electrical engineering and experience in some 
to pursue M.Sc. and Ph.D. work | apect of electronics or communications. Evi- 
Ship. £1.09) chemistry for Teaching and Research dence should be submitted of experience of lec- 
( Souhion. Stipends are dependent on turing on theoretical topics to honours students 
ince and the number of hours per week given to and of ability to supervise and participate in 
ne work. The maximum is 12 hours research projects. For a Senior Lectureship appli- 
ning the per week during the session October to May cants must hold an honours degree in electrical 
ih the Secs} inclusive. The four summer months are engineering with specialization in electronics. The 
, Dunder, imi} devoted entirely to Research leading to the | cajary range for Reader is £A.3,000 by £A.100 to 
Obtained, degree. The maximum stipend £A.3,300 and for Senior Lecturer, £A.2,520 by 
$2,800 for a twelve-month peri £A.100 (4) by £A.80 (1) to £A.3,000. The suc- 
Research opportunities are available in cessful applicant will be entitled to participate in 
T: Ph Analytical Chemistry, Inorganic istry, the benefits available to the academic staff which 
: D Radiochemistry, Physical Chemistry, Colloid include F.S.S.U. type superannuation, housing 
aff appoining Chemistry. immunochemistry, Organic assistance, study leave and travel grants. 
will be Chemistry and the Chemistry of Cellulose Additional information on the conditions of ap- 
44%. and Lignin. pointment, staffing and activities of the Depart- 
, 0 lease ment, together with application forms, will be 
Wer = supplied on request to the Secretary, Association 
yy Department of Chemistry of Universities of the British Commonwealth 
son, Head, McGill University, (Branch Office), Marlborough House, Pall Mall, 
¥ of Weng Montreal, Quebec, Canada. London, S.W.1. Applications close i. Brisbane 
“ . and London on January 13, 1962. 
‘FORD MIDDLESEX COUNTY COUNCIL 
oe EDUCATION COMMITTEE 
ion o L UNIVERSITY HENDON TECHNICAL COLLEGE 
) to £1,008 McGIL The Burroughs, Hendon, London, N.W.4 
62, for omef}} POST-DOCTORAL APPOINTMENTS IN | principal: E. WILLIAMS, B.Sc., Ph.D., F.R.1.C. 
CHEMISTRY Mechanical Engineering Department 
nett, Inorg Post-doctoral appointments are available Senior Lecturer to specialize in the subjects of 
for studies in: either — — of Materials or ja" of 
Machines. eaching up to honours ree stan- 
chemiuminescence; | dards required, together with, some experience 
pment Lab of individu project wo! of postgraduate 
ity of = on upper atmosphefe reac- standard. - 
1 Of biochs Applications woul considered from 
Ss is essen @ ae — ee. = persons of outstanding ability who wish to offer 
—Write, g mee uciear fission. another specialist mechanical engineering subject 
Qualification ) Phosi ico-chemical aspects of Imm in place of one of the above. 
Son, Lid, G Brn ome mee Applicants for the above Post should hold a 
¥ A good degree or equivalent qualification, and have 
ay Chemistry of Wood and suitable industrial experience ; good experience of 
ASSISTANT research methods would be an advantage. 
| in elec} Salary: Commensurate with qualifications Salary Scales (from January 1, 1962): 
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LECTURES AND COURSES 


NATIONAL COLLEGE FOR 
HEATING, VENTILATING, 


REFRIGERATION AND FAN 
ENGINEERING 
Borough Potyrechnic. Borough Road, 
London, S.E.1. 


Post-Graduate Courses 
in Advanced Technology 


A Course of ten a as an introduction 
THE MATHEMATICAL THEORY 


HEAT TRANSFER 
will be given on Tuesdays, commencing on 
January 16, 1962, 


at 
6.30 p.m. 


Possession of a Degree in Mathematics, 
Physics or Engineering is essential for 
admission to the course. 

FOR APPLICATION FORMS and further 
information regarding this and other Heat 
Transfer Courses apply to : 
the Clerk to the Governors. 


LANCHESTER COLLEGE OF 


VENTR 
DEPARTMENT OF APPLIED PHYSICS 


“* Solid State Physics. and High Vacuum 
Technology 

These courses comprise a series of twelve 
weekly evening lectures commencing at 6.30 p.m. 
on the following dates: Solid State Physics: 
Tuesdays, January 23 to April 10, 1962. High 
Vacuum Technology: Mondays, January 22 to 
April 9, 1962. Fee: £1 2s. for each course. 

Full particulars and forms of application may 
be obtained from the Head of the Department of 
Applied Physics, Lanchester College, Priory Street, 
Coventry. 


IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
LONDON, S.W.7 

A course of eight postgraduate lectures on 
“Optical Methods in Combustion and Aero- 
dynamics: The Optics of Flames” will be given 
by Dr. F. J. Weinberg in the Department of 
Chemical Engineering and Chemical Technology 
on Tuesdays at 2.15 p.m., commencing January 
30, 1962. 

Details from the Registrar. 


GRANTS & SCHOLARSHIPS 


McMASTER UNIVERSITY 
GRADUATE SCHOLARSHIPS IN PHYSICS 
Applications are invited for Graduate Scholar- 

ships in the Department of Physics, McMaster 
University, from students qualified to register in 
courses leading to the M.Sc. and Ph.D. 

These scholarships may be supplemented by De- 
partmental Assistantships, requiring ten hours per 
week service during the seven-month academic 
year, to provide a yearly income (less fees) of 
$2,400 to $2,600. Graduate Calendars and appli- 
cation forms for graduate study may be obtained 
from the Secretary of the Faculty of Graduate 
Studies. 

Further information concerning the types of 
research in progress and application forms for 
scholarships may be obtained from Professor 
M. W. Johns, Chairman, Department of Physics, 
McMaster University, Hamilton, Ontario, Canada 


TRADE ANNOUNCEMENTS 


CALCULATING MACHINES. ARE YOU 
working on a tight budget ? We specialize in all 
makes of Calculating Machines—New, Rebuilt, 
Ex-dem. models, for sale or hire.—Universai 
Supplies Lid., 16 College Crescent, N.W.3. 

4666. 
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History 
Chemistry 


Volume II: 1500-1700 
J. R. PARTINGTON, M.B.E., D.Sc. 


This volume covers the period which marked the death of alchemy and the emergence of chemistry 
as an independent science. The work of Boyle, the Phlogiston Theory, the philosophical background 
of the Atomic Theory are but a few of the developments that give a special importance to this } 
transition period in the history of chemistry. 

In the four volumes of this history the author has produced a work which is likely to remain 
for many years the standard treatise on its subject. 

Full references to the literature and sources used are given in footnotes on each page anda 
much more extensive use of original sources has been made than in other recent books on the subject. [ 
800 pages: 93 x 6 inches: £5 5s. 


Resources 


Trends and Prospects in Eighteen Countries 
J. FREDERIC DEWHURST, JOHN O. COPPOCK, P. LAMARTINE YATES, AND ASSOCIATES 


This work, the result of many years of research, is a survey of the economies of the eightem 
non-communist Western orientated countries of Europe. It provides the most comprehensive 
information on the European economy yet to be published, making a work of scholarship as wel 
as an indispensable reference book for all concerned, whether academically or in pursuit of thet 
business. 

1232 pages: 10} x 7} inches: Over 100 charts and 300 tables, 60 appendices: £4 4s. 


MACMILLAN & CO LTD St. Martin’s Street WC2 
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ENRICHED WATER 
1.5 to 97% 0-18 ; up to 4.0% O-17 
GAS and LABELLED COMPOUNDS 
Based on the research of the : 
feenege Department, Weizmann Institute of Science 


YEDA Research and Development Co. Led. 
REHOVOTH, ISRAEL 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED BY: 
We. DAWSON a SONS, LTD., 
Back issues DEPT., 
16 West STREET, 
FARNHAM, SuRREY, ENGLAND. 
Ter: FARNHAM 4664 CABLES: DAWBOOKS. FARNHAM 


BRASS e COPPER e DURAL 
e ALUMINIUM e BRONZE e 
ROD, BAR. SHEET, TUBE, STRIP, WIRE 
000 STANDARD STOCK SIZ 
No quantity too small @ List on 
H. ROLLET & CO., LTD. 


6, CHESHAM PLACE, LONDON, S.W.!. SLOane 3463 
Also at: LIVERPOOL, LEEDS, MANCHESTER, BIRMINGHAM 


PHARMACOLOGIST 


or 


PHYSIOLOGIST 
Ph.D. essential 


To carry out original research in rela- 
tively unexplored biological fields. 
New well-equipped laboratories in 
beautiful countryside with easy access 
to London. Staff restaurant. Pension 
scheme. Please apply in writing with 
details of experience to the Research 
Director, Miles Laboratories Ltd., 
Stoke Court, Stoke Poges, Slough, 
Buckinghamshire. 


> 
> 
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\ 
My 


DRIER 


Designed on the same principle as a coupled heating 
and ventilating system, the Unitherm Drier is an 
efficient laboratory cabinet giving rapid, uniform drying. 


It has a capacity of 100 trays of 400 grams of material of 
D.M. content 20% and has bcen carefully tested at 
controlled working temperatuses up to 105° C. 


Leaflet No. 24 gives full details. 


BIRMINGHAM & BLACKBURN 


CONSTRUCTION CO. LTD. 


ARMOURY CLOSE, BORDESLEY GREEN, BIRMINGHAM 9 
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Advanced Pure Mathematics 


J. D. HODSON, M.A., B.SC. 


This book is the direct successor to the same author's Elementary Pure Mathematics 
which covers the work of a good first-year sixth form in Pure Mathematics at 
Advanced Level in General Certificate of Education examinations. It completes the 
course up to Scholarship Standard and at the same time it is a comprehensive course 
in itself. In general, the first four chapters more than cover the ‘A’ level work of 
most Examining Bodies. The last two chapters form a basis for scholarship work 
and make an admirable introduction to further mathematical study of certain topics 
not generally included in examination syllabuses. 30s 


Introduction to Plant Ecology 


MAURICE ASHBY 


First-hand study of the problems faced by plants growing in the field provides an 
opportunity which can make ecology a most stimulating ingredient of the biology 
course. The author provides in this book an introduction to plant ecology, laying 
emphasis on the biology of individual species and the many simple yet fascinating 
practical problems which arise from this kind of study. 

Written mainly for sixth form, scholarship and training college students, the 
book may also serve a useful purpose in the elementary stages of some university 
courses. Half-tones, diagrams, figures and tables. 25s 


A Book of Science Verse 


SELECTED BY W. EASTWOOD 


This fascinating book is believed to be the first comprehensive collection of verse and 
prose relating to science and technology. It includes the most notable complete 
poems, extracts from longer poems, and extracts from the best known essays on the 
relations of science and poetry. 

_ The anthology ‘includes such diverse authors as Dante, Shakespeare, Chaucer, 
Milton, Donne, Pope, Wordsworth, Shelley, Tennyson and Walt Whitman. Our own 
century is represented by, among others, Kipling, Belloc, D. H. Lawrence, Aldous 
Huxley, W. H. Auden, Stephen Spender, Dylan Thomas, and John Wain. 21s 
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supplier of amino acids and derivatives: pioneer in purity; leader in labeling 


We make and mark amino acids. When- 
ever you need isotopically labeled 
amino acids or derivatives, we can supply 
them tagged with N'°, and S*. 
Our tritiated-L-histidine, tyrosine, and 
proline are the only optically pure 
tritiated L-amino acids commercially 
available. Write for specific information. 


> SCHWARZ BIORESEARCH, INC. Dept. LH Mountain View Avenue, Orangeburg, N.Y. 


BIOCHEMICALS - RADIOCHEMICALS + PHARMACEUTICALS for research, for medicine, for industry 
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gas 
density 
balance 
chromatograph 


—now in production 


The D6 features: 


Martin Gas Density Balance 
requiring no calibration, 
and detecting any gas or vapour. 
Six-in-one Chromatograph 

new selection turret enables any 

one of six columns to be instantly selected 

without change-over delay. Automatic column 
backflush ensures immediate readiness. 


Precision Oven 

smooth variation from ambient to 250°C 
with nigh thermal stability 

and uniformity + 0-1°C. 

65 microvolt Recorder 

with multiple input, including 

direct indication of oven temperature. 


Another ‘first’ from the producers of 

the world’s first commercial gas chromatograph — 
the D6 (priced at £1,295 in the UK) 

being the first chromatograph 

incorporating the Martin Gas Density Balance. 
Please write for our new D6 booklet (P2128). 


Our complete range of instruments 

for chromatography includes the following: 
D6 CHROMATOGRAPH 

FLAME IONISATION CHROMATOGRAPH 
KATHAROMETER CHROMATOGRAPH 
ABSORPTION (JANAK) CHROMATOGRAPH 
HIGH SPEED CHROMATOSCOPE 

TURNER DIELECTRIC MONITOR 

GAS DENSITY MONITOR 

SAMPLE INJECTION SYRINGES 

RECORDERS 

CHEMICALS FOR GAS CHROMATOGRAPHY 
STEADY STATE DISTRIBUTION MACHINE 


May we send you details? 


GRIFFIN & GEORGE 


GRIFFIN & GEORGE (SALES) LIMITED Chromatography Division 
Ealing Road, Alperton, Wembley, Middlesex. PERivale 3344 


LONDON - BRISTOL - BIRMINGHAM - MANCHESTER - NEWCASTLE UPON TYNE - GLAS6® 


Printed in Great Britain bv Fisuer, Kwicut & Co., Lro The Gainsborough Press, St. Albans, and published by Macmittan & Co., 
al st Martin's Street, London, W.C_2, and Sr. Mar rin’s Press. INc., 175 Fifth Avenue, New York 10, N.Y., U.S.A.—Saturday, December 30, 1 
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